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Introduction 
The aspen association is by far the most important setondary 
: association in northern Michigan, revegetating nearly every type of 
“location following the removal of virgin growth, thus standing be- 
tween the devastated land and development of the most desirable 
‘trees, whether for lumber forests or for recreational purposes. The 
“importance of an understanding of the aspen association is para- 
" mount from either of these considerations, since so much of northern 
* Michigan is suitable economically for the most part only for raising 
“trees. An ecological study in the area should contribute to such an 
“understanding. 
The field work upon which this paper is based was done in Emmet 
-and Cheboygan counties at the northern end of the lower peninsula 
Of Michigan between 1911 and 1929, while the writer was on the 
‘Staff of the Biological Station of the University of Michigan on 
Douglas Lake (2, 6). 
Aspen association 
From a distance the general appearance of the aspen association 
in this region is that of light green patchy crowns forming an irregu- 


* Contribution from the Biological Station of the University of Michigan, and no. 285 


from the Department of Botany, Kansas State Agricultural College, Manhattan, 
Kansas. 
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lar skyline. If there are relic trees (figs. 1, 2) of former associations, 
these are the highest to be seen; if not, the aspens form the upper 
story at a height of about 2-10 m. or more. Under the trees and in 
the open spaces between there may be a layer of higher shrubs (about 
1-2 m.), a layer of bracken ferns 0.5-0.8 m. high (fig. 3), a slightly 
lower layer of Diervilla, and a ground layer of herbaceous or some- 
what woody plants among which certain grasses are often abundant, 
or open patches of Cladonia or Polytrichum. Except sometimes fora 
year or two under the canopy of the multitudinous aspen sprouts ofa 
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Fic. 1.—Sandy upland aspens showing many relic pines (Pinus resinosa and P. 
strobus); June 25, 1915. 


recently burnt-over aspen area, the shade of aspen trees, even in the 
densest places, permits the development of large shade forms rather 
than excluding ground vegetation. A dense ground cover of partially 
decayed leaves is frequent in lowland areas. In young areas dead 
branches bristle from the trunks, but before long these are self 
pruned. Rotting logs of former associations may be strewn about, 
but dead aspen branches or trunks decay quickly on reaching the 
ground. 

Comparing the principal consocies, the one dominated by Populus 
grandidentata is the most open and has the lightest green color; that 
dominated by P. tremuloides has the tallest trees; and that domi- 
nated by Prunus pennsylvanica is the densest. 
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Habitats and factor relationships 


In general a wide range of habitats may be occupied by the aspen 
association, from the very driest in the region to very wet although 
not persistently submerged soil, and from almost pure sand to a 


Fic. 3 


Fics. 2, 3.—Fig. 2, sandy upland aspens north of Burt Lake, showing groups of 
pines overtopping Populus grandidentata; August 13, 1916; fig. 3, interior view of 
sandy upland aspens in which pines are beginning to replace Populus grandidentata; 
ground cover of Pteris aquilina in evidence; August 12, 1922. 
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somewhat heavy clayey soil. The pH values obtained at various 
times are on the acid side of neutrality, between 4.6 and 6.6. In this 
region the association is nearly independent of topographic features, 
which, however, are not very diverse. With their rather extensive 
although not deeply penetrating root system, the trees are able to 
stand considerable drought during the summer. Evaporation may 
exceed 65 cc. per day, although it is usually less than 10 cc. Exces- 
sively high temperatures occasionally occur (3, 5), but only rarely 
is the heat sufficient to desiccate, burn, or kill aspen plants. In 
1917, temperatures of 52° C. on ground débris and 60° on open sand 
were recorded (8). The highest temperature I have recorded on open 
sand in the aspens is 66° C. The mineral soils following fires, espe- 
cially those with a surplus of potassium (12), are favorable to the 
development of the aspen association. Aspen seedlings frequently 
appear in sandy areas where water or ice work prevents their de- 
veloping into trees; otherwise no ordinary features of land habitat 
exclude aspens. 
INCEPTION OF ASSOCIATION 


It is not known just when the aspen association originally made 
its appearance in this region. The supposition is that fires were oc- 


casional, set by Indians or by lightning, so that even before the ad- 
vent of white men there were patches of the aspen association. At 
the present time the inception of the association in a given area is 
the following. An area of virgin or second growth forest is burnt 
over. A year or two after the fire, fireweeds appear. This develop- 
ment takes place soonest on lowland unless the spring is favorably 
wet. The most prominent fireweed in this region is Epilobium an- 
gustifolium (fig. 4), although Erigeron canadensis and Galeopsis 
tetrahit are sometimes abundant. With them there may be a few 
aspen seedlings, but these may be so completely overshadowed by 
the vigorous development of the fireweeds as to lose existence. In 
the following years such fireweed plants as appear are less dense, 
more reduced in stature, and consequently offer little or no resistance 
to aspen colonization. New aspen seedlings or former ones then de- 
velop. A year or two after a fire on very low land, Marchantia may 
appear with a few mosses (Polyirichum spp. and Ceratodon pu- 
pureus) and fireweeds. The latter, especially Epilobium angusti- 
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folium, increase greatly during the next year or two. Aspens then 
have their best chance for establishment. On the better soils the 
sprouting of hardwood stumps may prevent the inception of an aspen 
association in favor of a hardwood coppice, or, with additional fires, 
brambles. Under the latter circumstances if the brambles are at all 
dense additional fires are necessary to give the aspens a chance to 
develop. 

For the natural development of a well developed aspen area in 
which the aspen dominants form more than 95 per cent of the trees, 


Fic. 4.—Former beech-maple forest west of Douglas Lake entirely covered with 
Epilobium angustifolium; July 19, 1915. 


additional fires must occur, but not at too short intervals. Such re- 
peated fires are usually favorable, as the aspens sprout readily from 
the stumps or underground parts. The pines of this region cannot 
sprout nor can the normal bog trees. The maples and beeches can, 
but sprouting is slower than in the aspens. 


ECOLOGY OF ASSOCIATION 


The association consists of several dominant species and a large 
number of secondary species. Only a few of the latter are truly 
characteristic. Most of them are normal in other associations of 
similar ground, but can still grow under the conditions presented by 
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the aspen association. Of 310 species of seed plants found in the 
association, 22.9 per cent are phanerophytes, 3.9 per cent are chamae- 
phytes, 47.1 per cent are hemicryptophytes, 16.1 per cent are geo- 
phytes, and 10.3 per cent are therophytes. This marked ascendency 
of hemicryptophytes over normal is what one would expect in a 
region with a climate of considerable rigor in the unfavorable season? 

Certain correlations of soil, water, and species make it possible to 
recognize three types or consocies within the aspen association: low- 
land, sandy upland, and clayey upland. Each is distinguished by the 
particular abundance of one of the codominant species, as shown in 


table I. 
TABLE I 


SOIL TYPE AND PERCENTAGE OF PRINCIPAL TREES 








PERCENTAGE OF TREES 





DOMINANT SPECIES 
Populus Populus Prunus | 
grandidentata| tremuloides |pennsylvanica 





Sandy upland Populus grandi- 50 10 5 
dentata 
Sandy lowland... .| Populus tremu- 5 60 2 
loides 
Clayey upland. ...| Prunus pennsyl- 4 t 60 
vanica 




















Populus grandidentata (figs. 3, 5).—This species is most abundant 
in the drier sandy areas on which the aspen association occurs. The 
root system is widespread rather than deeply penetrating, which is 
somewhat favorable to windfall. Growth is rapid at first but within 
a few years decreases remarkably. Flowering and the maturing of 
seeds occur early in the growing season. The seeds are wind-dis- 
tributed and lose vitality rapidly. Trees from seeds or stump sprouts 
are soon thinned out on account of their intolerance, resulting in an 
open woodland. Following fire the stumps and underground parts 
sprout vigorously (fig. 6). As many as 20 sprouts have been counted 
from a single stump the first year after a fire. Under the most favor- 
able circumstances a sprout 3.68 m. has arisen, but normally they 
do not exceed 1-2 m. in the first year. In the course of 3 or 4 years 


2 ENNIS, BEULAH, The life forms of Connecticut plants and their significance in re- 
lation to climate. Bull. Conn. Geol. & Nat. Hist. Surv. 43. 1928. 
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most of these sprouts die, usually leaving one or two to develop into 
trees. The leaves of these sprouts are sometimes enormous in size 


Fic. 5.—Interior of well developed Populus grandidentata consocies showing domi- 


nant species and layer of Pteris aquilina (photograph by G. E. NicHots). 


Fic. 6.—Former dense sandy upland aspen area burned in May, 1921, showing two 
seasons’ regeneration of Populus grandidentata; August 12, 1922. 
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and differ markedly from normal leaves. Insects apparently do not 
trouble the aspens of this region very much. The aspen borer 
(Saperda calcarata Say.) is present, but its depredations are mostly 
on trimmed trees near the lake. Old trees usually have heart rots, 
but many die when about 20-25 years old from no apparent cause. 
ROBINOVE and Horton (16) state: “The largest tree of P. grandi- 
dentata found was 12.5 m. high, 35 years old and had a diameter 
of 18.5 cm., but the top was dead and the trunk badly heart rotted.” 
Two others were a little older and thicker, but 2.75 m. shorter and 
more rotten. 


Fic. 7.---Bogland aspens near Maple Point dating from 1914 showing Populus 
tremuloides (road cut in 1924); July 14, 1925. 


Populus tremuloides (fig. 7).—In general appearance this is some- 
what similar to the preceding species, but differs in being a more 
compact tree, preferring wetter areas, although it does grow in just 
as sandy land. It grows to a larger size. Its ability to develop in 
burnt-over bogs where it frequently occurs in nearly pure stands 
marks it as somewhat different ecologically from the large-toothed 
aspen. These trees grow closer together than P.. grandidentata, be- 
cause their leaves are smaller, transpire slower, and are nearer the 
trunk. The shade cast by it when growing in a dense thicket may 
be sufficient to preclude the development of much ground vegetation. 








ulus 
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The largest trees date back to the time of the original lumbering in 
the region. ROBINOVE and Horton (16) state: “The two largest 
trees of P. tremuloides found were both 20.5 meters high and 33.5 
cm. D.B.H., 62 years old, and 35.5 cm. D.B.H., 59 years old re- 
spectively.” 

Populus balsamifera.3—In some lowland areas this species is asso- 
ciated with P. tremuloides. There are few such cases, but west of 
Lancaster Lake the few balsam poplar trees are as tall as the highest 
P. tremuloides of the same age, thicker in diameter, and are also 


Fic. 8.—Beech-maple forestland occupied by Prunus pennsylvanica consocies of 
aspen association; July 9, 1919. 


sound trees. “The largest was a sound tree, 62 years old, 40.6 cm. 
in diameter and 21.5 meters high’’ (16). 

Prunus pennsylvanica (fig. 8).—This is likewise a small tree, but 
rather more branching than either aspen. Its leaves are longer, much 
narrower, and produced in greater profusion. The bark is bright 
brown or reddish brown. Otherwise there are many similarities 
among them. An important difference is its decided preference for 
heavier soils, containing clay, characteristic of land on which the 

3 The scientific names employed are those of the standard manuals (Britton and 
Brown, 2d. ed; Gray, 7th ed) except that the U.S. Department of Agriculture is 


followed with respect to grasses (HitcHcock, Bull. 772) and with respect to forest 
trees (SuDwoRTH, Circ. 92). 
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beech-maple forest had developed. Consequently, on the better soils 
the aspen association is usually represented by the P. pennsylvanica 
consocies. While this species will grow in sandy ground, unless the 
vegetation is very open it is not likely to be an important factor in 
aspen development. It is more resistant to fire, but if burned will 
sprout vigorously and even to better advantage than the aspens, 
In so doing it may develop into an important tree in aspen areas on 
sandy ground. The tree is subject to occasional insect attack. Tent 
caterpillars at times retard its growth. It is much less subject to 
windfall as it is more deeply rooted. It is not as intolerant, conse- 
quently not so thoroughly self-pruned. As the dry twigs are far from 
brittle a dense mass is present even in rather high thickets. The 
fruit is eaten by birds... The various seeds such birds leave under 
the trees enrich the aspen flora. 

Betula papyrifera.—This is a conspicuous tree in the aspens. Its 
general characteristics are closer to those of P. pennsylvanica than 
they are to the real aspens. Its preference is for proximity to lakes, 
where moist winds temper the summer dry spells, thus in a measure 
preventing the too severe over-heating of the tree trunk, which it 
cannot withstand, having a nearly waterproof bark. The birch may 
be present on either sandy or clay land with no special preference, 
so far as the data from this region indicate. The trees are rather 
deeply rooted, so that while windfall is occasional it is not so fre- 
quent as in the aspens. Following fire the stumps sprout vigorously. 
More of the sprouts produce trees than is the case with the species 
of Populus. If the birches are growing close together they may reach 
a moderate height. Some such trees are about 17 m. high, witha 
diameter of about 20 cm., but if cutting is done around them, so that 
the trunks are exposed during the summer they generally die, or at 
best make very slow growth. A few areas have an entire dominance 
of birch, but more usually these are mixed with species of Populus. 


SUBDOMINANT SPECIES 
There are two species which are abundant and characteristic of 
the aspens, whether or not the trees are present. It is necessary to 
consider them as subdominants, since they may act as dominants ' 
both in invading new areas and in remaining as relics if the aspen 
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isreplaced. They occur in great abundance in the aspens themselves, 
often composing 85-90 per cent of the ground vegetation. Of these, 
Pieris aquilina (figs. 3, 5, 9) has rhizomes about 20-25 cm. below 
the surface of the ground, out of reach of fire. While underground 
parts as deep as this might be destroyed in the burning of the original 
forest, by the time Pteris is established in the areas there is not 
enough combustible material on the surface to heat to the death 
point so far below the surface. The abundance and vigorous growth 


Fic. 9.—Edge of former beech-maple area near Mud Lake cultivated through 1914; 
abandonment followed by development of bluegrass meadow into which Pleris aquilina 
is rapidly spreading from adjacent Populus tremuloides consocies (eleven years later 
meadow was completely replaced by Pteris); August 14, 1917. 


of the rhizomes make Pieris a most important contender for space. 
In a former cultivated patch, now grass, Pieris has been advancing 
about 2 m. a year (fig: 9). The leaves spread out at a height of 
30-50 cm. in the sun, or in a shaded area as high as 1.3 m. They 
cover the ground with a moderate shade, which, however, does not 
preclude the development of various secondary plants. In the deeper 
aspen thickets only very pronounced shade-loving forms can stand 
the combined shade of aspens and a dense Péeris growth. Only in 
abnormally dry or hot summers is Pieris visibly affected by drought 
(8). In an extremely hot spell in July, 1917, and in the hot summer 
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of 1921, many leaves sunburnt, wilted, and dried up, producing an 
effect similar to that of late killing frosts. 

Diervilla diervilla is the second subdominant species in the aspens, 
It is a low shrub, chamaephyte-nanophanerophyte, usually not over 
30 cm. high, generally dying down to near the ground in winter. It 
is decidedly abundant in many places, sometimes carpeting the 
ground to the exclusion of almost all other vegetation. While it 


TABLE II 
PERCENTAGE FREQUENCY OF TREES AND HIGH SHRUBS IN ASPENS* 








7 HARDWOOD OR Eco.ocicaL 
NAME PINELAND BEECH-MAPLE |LOWLAND OR BOG CLASSIFICATION 





Abies balsamea 

Acer pennsylvanicum 

Acer rubrum 

Acer saccharum 

Acer spicatum 

Alnus incana 

Betula papyrifera 

Fagus grandifolia 

Fraxinus nigra 

Pinus resinosa 

Pinus strobus 

Populus grandidentata 
Populus tremuloides 

Prunus penfsylvanica 
Quercus borealis 

Rhus glabra borealis. ...... 
Salix HEDOMABE. 5. 6.560 
Sambucus racemosa 

Thuja occidentalis 

Tsuga canadensis 


oo 


ons 000 
Ho OY Pt tt A Om 
me me woe pts tate me 

















* The percentage frequency or frequency index in pineland is based on 12 years’ statistical data and 
that of hardwoodland on 7 years. In the case of lowlands, successional changes so complicated the stations 
originally chosen, that asterisks are used to indicate | the approximate frequency: one for less than 17%, two 
for 1-5%, three for 6-10%, and four for over 10%. The ecological classification in this and subsequent 
tables applies to the whole’ aspen association: d indicates dominant species; s, secondary species, r, relic 
species; and i, invading species. 


develops better in some shade, adequate water, and in richer soil, it 
may proceed out on to open sand in advance of the aspen trees. 
Under such conditions it develops anthocyanin in its leaves, giving 
a characteristic red color which differs from that of autumn coloring 
or a dying or improperly functioning leaf. Experiments (KEENER 
13) have shown that the green color may be restored by shading, 
enriching the soil, or by proper watering. 

Associated species (general).—In the aspens the number of ass0- 
ciated species is great and their distribution through the area 
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TABLE III 


FREQUENCY INDEX OF MORE IMPORTANT GROUND PLANTS IN 
ASPEN ASSOCIATION* 








: HaRpDWoopD OR : EcoLoGIcaL 
NAME PINELAND BEECH-MAPLE |LOWLAND OR BOG) ¢y AscrpICATION 





Abies balsamea 02 
Acer pennsylvanicum 


65 


A. saccharum 

A. spicatum 

Achillea millefolium 

Agrostis hyemalis 

A. palustris 

Alnus incana 

Amelanchier canadensis. . . . 
Anaphalis margaritacea 
Antennaria canadensis. .... . 
Apocynum androsaemifolium 
Arabis glabra 

Aralia hispida 

A. nudicaulis 

Arctostaphylos uva-ursi. . . . 
Asclepias syriaca 

Asplenium filix-femina..... . 
Se ee 
A. macrophyllus 

Betula papyrifera 
Botrychium virginianum... . 
Brachyelytrum erectum 
Carex communis 

C. gracillima 

C. intumescens 

C. umbellata 

Chimaphila umbellata 
Cirsium arvense 
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Convolvulus spithamaeus. . . 
Cornus alternifolia 
A ee 
C. stolonifera 
Corylus rostrata 
Danthonia spicata 
Diervilla diervilla 
Dryopteris spinulosa 
D. thelypteris 
Epilobium angustifolium. .. . 
Equisetum arvense 
E. sylvaticum 
Erigeron canadensis 
E. philadelphicus 
E. ramosus 
Fagus grandifolia 
Tagaria virginiana........ 
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* See footnote to table II. 
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TABLE I1I—Continued 








HARDWOOD OR lL variokh Oe Bod EcoLocicat 


NAME PINELAND BEECH-MAPLE CLASSIFICATION 





MEARNS HITE... ...... 0054 — 
Galium circaezans 


G. triflorum 
Gaultheria procumbens 
Gaylussacia baccata 
Gnaphalium decurrens 
Hieracium scabrum 


nnnnmn 


i in in in ie ie Blend 


Lactuca canadensis........ 
L. sagittifolia 

Lepidium virginicum 
Lonicera canadensis 

L.d 

Melampyrum lineare 
Mitchella repens 

Mitella nuda 

Moss and lichen cover 
Onoclea sensibilis 

Oryzopsis asperifolia 

O. pungens 

Panicum depauperatum. ... 
P. meridionale 

P. xanthophysum 
Pedicularis canadensis. .... . 
Phleum pratense 

Pinus resinosa 
MMM Sofi nse. < kk Ge sis 
POS COMPPESSA.”.......55 6665s: 
P. palustris 

P. pratensis 

Polygala paucifolia 
Polygonatum biflorum..... . 
Populus grandidentata 

P. tremuloides 

Prunus pennsylvanica...... 
goog es ra 
Pyrola elliptica 

P. secunda 

Quercus borealis 

Rhus glabra borealis. ...... 
R. toxicodendron 

Ribes triste 

Rosa blanda 

Rubus allegheniensis 

R. strigosus 

R. triflorus 

Rumex acetosella 

Salix bebbiana. . . 

S. discolor 

S. discolor X bebbiana 
Sambucus racemosa 
Solidago canadensis 
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TABLE I]I—Continued 








HARDWOOD OR Cian ade EcoLoGIcaL 


PINELAND BEECH-MAPLE CLASSIFICATION 





S. hispida 21.84 ; one 
Taraxacum vulgare........ 34 : ada 
Taxus canadensis ‘ ee 
Thuja occidentalis yoke 
Trientalis americana....... oe 
Trifolium pratense : * 
T. repens : ; i 
Trillium grandiflorum : } ** 
Tsuga canadensis ‘ * 
Unifolium canadense...... ; : eK 
Vaccinium angustifolium. .. . ‘ ‘ **e 
V. canadense . f . 


(a Ig Ia Be Mee ole ls Mate Bh died 
namnmn n 


Vagnera racemosa 
OK 
Verbascum thapsus........ , : ’ 

Viola canadensis 
V. eriocarpa : ae 
V. pallens ; = 
V. papilionacea . i 











ee Me ce 








* As an invader in a few areas not studied with quadrats. 


irregular, both with reference to the exact conditions of habitat and 
the general local conditions. The great frequency of a relatively 
limited number of ground plants, however, makes the frequency 
index community coefficient (10) between stations quite high, 
whether adjacent or separated by a few kilometers. Within the same 
kinds of sites, the frequency index community coefficient is usually 
above 60 and frequently above 90. Even when comparing sets on 
bogland and sandy uplands coefficients of 30 are obtained. The 
origin of the associated species is manifold. Some of them are char- 
acteristic of aspens, while others belong more properly to other 
associations. Briefly, almost any plant that is capable of growing 
in such an area is likely to be found if sought for carefully, but only 
a few have high frequency indices. 

While several types of secondary species are present (tables II 
and IIT), the majority belong to types that are less than 50 cm. 
high. Except where bluegrass may form a sod, there is usually much 
bare ground visible. Great patches of ground may be covered with 


certain mosses (Polytrichum spp.) or lichens (Cladonia rangiferina 
and others). 
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Seasonal aspects are not nearly so striking as those in either the 
prairie or the jackpine forests. A few such outstanding plants are: 


Fic. 10.—Details of Convolvulus spithamaeus, common sandy upland aspen plant 
(photograph by C. W. Horton). 


ne) 
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Fic. 11.—Lycopodium tristachyum in sandy upland aspens near Douglas Lake; 
July 25, 1926. 
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in early spring, Antennaria canadensis, Senecio pauperculus, Vacci- 
nium spp.; in early summer, Pedicularis canadensis, Panicum xantho- 
physum, Comandra umbellata; in midsummer, Melampyrum lineare, 
Hieracium venosum, Convolvulus spithamaeus (fig. 10), Lycopodium 
tristachyum (fig. 11), Rhus glabra; and in late summer and autumn, 
Aster laevis, Solidago hispida, and S. canadensis. 


ADDITIONAL TREES AND HIGH SHRUBS IN ASPENS WITH 

PERCENTAGE FREQUENCY IN ALL CASES BELOW 1% 
Amelanchier canadensis (P,* h, b, s) Ostrya virginiana (h, b, i) 
A. sanguinea (p, s) Picea glauca. (p, b, i) 
A. spicata (p, h, s) P. mariana (p, i) 
Aronia arbutifolia (p, s) Pinus banksiana (p, i) 
Betula lutea (p, H, B, i) Populus balsamifera (P, b, d) 
Chamaedaphne calyculata (b, r) Prunus nigra (b, i) 
Cornus alternifolia (p, B, s) P. serotina (p, h, b, i) 
C. baileyi (b, s) P. virginiana (P, H, b, s) 
C. rugosa (p, b, s) Salix discolor (p, h, B, s, r) 
C. stolonifera (p, B, s) S. discolorX bebbiana (p, B, s, r) 
Corylus rostrata (p, B, s) S. lucida (p, h, b, s, r) 
Crataegus roanensis (p, s) Sambucus canadensis (h, s) 
Fraxinus americana (p, H, B, r, i) Taxus canadensis (p, b, s) 
Hamamelis virginiana (p, s) Tilia glabra (p, h, B, i) 
Larix laricina (p, B, r, s, i) Ulmus americana (p, B, i) 
Lonicera canadensis (p, s) : Viburnum acerifolium (p, h, b, s) 
L. dioica (p, s) V. cassinoides (p, b, s) 
L. hirsuta (b, s) V. lentago (p, b, s) 
Nemopanthus mucronata (p, r) 


ADDITIONAL GROUND PLANTS IN ASPENS WITH FREQUENCY 
INDEX IN ALL CASES BELOW 17 


Actaea rubra (B, r) Anemone quinquefolia (p, s) 
Adiantum pedatum (h, r) Antennaria neodioica (P, s) 
Agrimonia gryposepala (p, h, B, r) A. plantaginifolia (P, s) 
Agropyron repens (P, H, B, s) Apocynum cannabinum (p, s) 
Amaranthus graecizans (H, s) A. medium (p, s) 

Amelanchier sanguinea (p, s) A. sibiricum (p, H, s) 

A. spicata (P, B, s) Aquilegia canadensis (B, s) 


*The letters P, H, B, in this list and in that following, indicate respectively presence in pineland, 
hardwoodland or beech-maple and lowland or bogland aspens. Lower case letters (p, h, b) indicate 
frequencies below 0.1%. 


. tIn addition to these plants, 53 species have been found at least more than once in the aspens, but 
in this study have never happened to appear in any of the quadrats counted. 
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Arabis brachycarpa (P, H, s) 
Aralia racemosa (B, s) 
Arctium minus (p, s) 
Asclepias exaltata (P, H, s) 
Aster lateriflorus (b, r) 

A. junceus (p, B, r) 

A. tradescanti (p, B, r) 

A. novae-angliae (p, H, B, r) 
Betula lutea (H, B, i) 
Botrychium simplex (B, r) 
B. onandagense (b, r) 
Bromus ciliatus (p, s) 
Calamagrostis canadensis (p, b, r) 
Caltha palustris (B, r) 

Carex adusta (P, H, s) 

C. aenea (P, h, s) 

C. foenea (P, h, B, s) 

C. laxiflora (p, H, B, r) 

C. lucorum (p, s) 

C. pennsylvanica (p, s) 

C. stipata (p, B, r) 
Cerastium vulgatum (p, s) 
Chenopodium album (H, s) 
C. capitatum (H, s) 

Cinna latifolia (b, r) 

Circaea alpina (B, r) 

C. lutetiana (b, r) 
Clinopodium vulgare (B, s) 
Coptis trifolia (p, B, r) 
Corallorrhiza maculata (B, r) 
Cornus baileyi (B, r) 

C. rugosa (P, B, s) 
Crataegus roanensis (p, s) 
Cypripedium acaule (P, h, B, s) 
Dactylis glomerata (H, s) 
Dryopteris marginalis (B, r) 
Epigaea repens (P, r) 
Epilobium adenocaulon (p, b, s) 
Equisetum hyemale (p, s) 

E. variegatum (p, B, r) 
Erigeron annuus (p, s) 
Eupatorium perfoliatum (H, r) 
E. purpureum (B, r) 

Festuca occidentalis (p, h, s) 
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F. ovina (p, s) 

Filix bulbifera (H, B, r) 

F. fragilis (B, r) 

Fraxinus americana (p, H, B, i) 
Geranium robertianum (p, h, r) 
Geum rivale (B, r) 

G. strictum (b, r) 
Helianthemum canadense (p, s) 
Helianthus tuberosus (H, B, s) 
Hepatica triloba (p, h, r) 
Hieracium aurantiacum (P, H, B, s) 
H. canadense (p, s) 

H. gronovii (P, s) 

H. paniculatum (p, h, s) 
Hypericum perforatum (P, s) 
Hypopitys lanuginosa (p, s) 
Hystrix hystrix (h, b, r) 

Tlex verticillata (B, r) 

Impatiens biflora (B, r) 

Juncus effusus (b, r) 

Juniperus communis depressa (p, r) 
Lactuca scariola (P, H, s) 

L. spicata (h, s) 

Larix laricina (p, B, i) 

Lilium philadelphicum andinum (b, 1) 
Linnaea borealis (P, B, r) 
Lonicera hirsuta (p, B, s) 

L. glaucescens (p, B, s) 
Lycopodium annotinum (P, H, r) 
L. obscurum (p, r) 

L. tristachyum (P, h, B, s) 
Lysimachia terrestris (B, r) 
Medeola virginiana (H, b, r) 
Melica purpurascens (h, b, r) 
Needle and débris cover (P) 
Nabalus racemosus (p, B, s) 
Nemopanthus mucronata (p, b, r) 
Oenothera biennis (p, s) 

O. muricata (p, b, s) 

Osmunda cinnamomea (B, r) 

O. regalis (B, r) 

Panicum implicatum (p, s) 

P. linearifolium (P, s) 

P. perlongum (P, s) 
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P. tennesseense (p, s) Scrophularia leporella (p, s) 
Picea glauca (p, B, i) Senecio pauperculus (P, B, s) 
P. mariana (b, i) Silene antirrhina (p, s) 

Pinus banksiana (p, i) Solidago graminifolia (p, H, B, s) 
Petasites palmata (P, b, r) S. juncea (P, s) 

Poa saltuensis (b, s) S. rugosa (p, B, r) 

Polygonum convolvulus (p, H, s) S. altissima (b, r) 

P. persicaria (p, B, s) Sorbus americana (H, B, i) 
Populus balsamifera (P, d) Streptopus amplexifolius (B, r) 
Prunella vulgaris (p, b, r) S. roseus (H, B, r) 

Prunus cuneata (p, s) Thalictrum dasycarpum (b, r) 
P. serotina (p, h, b, i) Tilia glabra (h, B, i) 

P. virginiana (P, B, s) Trifolium hybridum (p, B, s) 
Ranunculus abortivus (P, B, s) Trillium cernuum (B, r) 

R. recurvatus (p, B, s) Ulmus americana (B, i) 
Rhamnus alnifolia (B, r) Vagnera trifolia (b, r) 

Rosa carolina (b, s) Viburnum acerifolium (P, H, s) 
Rubus canadensis (p, B, s) V. cassinoides (p, B, r) 

Rumex crispus (elongatus) (p, s) Viola subvestita (p, s) 

Salix lucida (B, r) 


Relic species 


Trees of the original forest tower over the aspens by 15-25 m., 
provided they have not been destroyed by fires (fig. 1). The most 
frequent are Pinus resinosa’and P. strobus. From their seeds grow 
the trees which eliminate the aspens. Big tree relics are less likely to 
occur on the better soils because the aspen association seldom has a 
chance to develop immediately after lumbering. Should such an op- 
portunity occur, the relics would be spindling trees rejected in the 
lumbering operations, in about go per cent of the cases either Acer 
saccharum or Fagus grandifolia, with occasionally Tilia glabra, 
Betula lutea, or Fraxinus americana. However, stump sprouts quick- 
ly shade out chance aspen seedlings. Repeated fires are more certain 
to burn up old trees in the beech-maple and bog forests than old pine 
trees. 

The most numerous relics, however, are those “ground plants” 
whose underground parts survive the fires and send up new aerial 
parts. This is true of secondary species in most of the forest associa- 
tions, but especially so of the pine association. For many species 
the particular kind of tree casting the shade makes little difference, 
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and such species appear to be normal to the aspen association. The 
other species disappear within two or three years. 

A few especially prominent relics in the aspen association are 
Aralia nudicaulis, Aster macrophyllus, Botrychium virginianum, 
Carex (several species), Chimaphila umbellata, Clintonia borealis, 
Cornus canadensis, Gaultheria procumbens, Pedicularis canadensis, 
Pinus resinosa (large trees), P. strobus (large trees), Trillium 
grandiflorum, Unifolium canadense, Vaccinium angustifolium, V. 
nigrum, and Vagnera racemosa. 


Invading species 


Numerous invaders are present in the aspen association. They 
indicate the tree associations which replace the aspen association (4). 
The most frequent are pines in the sandy upland, Acer saccharum 
in the better uplands, and Thuja, Abies, and Picea in the wet ground. 
The number and exact kinds depend upon the abundance and prox- 
imity of seed-producing trees. Such invaders must be able to grow 
in the shade of the aspens. As this is usually less than in the virgin 
forest, the growth of invaders is more rapid in the aspen association 
unless the soil is too poor or too dry, or some other retarding feature 
prevents (1). The most important invaders are as follows: 


IMPORTANT INVADING SPECIES 


ON BETTER UPLAND SOILS.—Acer saccharum****‘, Betula lutea’, 
Fagus grandifolia***, Fraxinus americana*, Tilia glabra*, Tsuga 
canadensis*. 

ON POORER (SANDIER) UPLAND SOILS.—Pinus resinosa**, P. 
strobus***, Quercus borealis**. 

ON LOWLAND AND BOG sorLs.—Abies balsamea**, Fraxinus 
nigra**, Picea glauca*, Thuja occidentalis***, Ulmus americana’*. 


Introduced species 


The flora of the aspens is made up prevailingly of native plants. 
For the most part the 25-30 introduced species are limited to the 
immediate vicinity of roads, and, as GLEASON and McFartanb (y), 
GLEASON (9, 11), and HELEN CoBurN and Doris DEAN (unpub 


4 *** Tndicates a frequency index between 5 and 10; ** 1-5; and * less than 1. 
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lished paper) have shown, are closely dependent upon human ac- 
tivity for spread and even perpetuation. Only a few seem to be 
able to maintain themselves. The principal ones in point of number 
of individuals are, in order, Poa pratensis, P. compressa, Rumex 
acetosella, Agrostis palustris, Phleum pratense, Trifolium pratense, 
T. repens; but of these Rumex acetosella is unquestionably the most 
successful in the aspen association. 


Fate of association 


An aspen association developing on an area following one or two 
fires usually gives place to a higher genetic association in a compara- 
tively short time. On the better soils this is the beech-maple forest 
within about 20-25 years. On wet ground there are two common 
possibilities. The Thuja association may enter immediately and re- 
place the aspen association in 12-20 years, or a mixture of spruce- 
balsam attains ascendency in an even shorter time. The lowland 
forest of Fraxinus nigra and Ulmus americana sometimes replaces it. 
In the absence of succession the aspen association. continues and 
develops some medium-sized trees (16). On sandy upland it takes 
longer (usually at least 30-40 years) for the pine to displace the 
aspen association (fig. 12). Further fires favor continuance of the 
aspen association indefinitely. An intermediate stage of oak (Quercus 
borealis) obtains over several parts of the region, but does not add 
materially to the length of time for succession if pine seedlings are 
available. Fires as often as once in 12 years favor the aspens at the 
expense of the pines. 

FIRES IN ASPEN ASSOCIATION (figs. 4, 6, 13).—If fire comes shortly 
after the aspens have germinated, it may be sufficiently severe to 
kill them outright and necessitate reseeding. In such cases the land 
may lie with little or no vegetation for two or more years. If the next 
fire does not occur until the aspens are well established, however, the 
underground parts are not killed and promptly regenerate. If fires 
happen at intervals of a few years, the aspen association is main- 
tained. In a bog the chance of killing the underground parts is even 
less. Fires in boggy areas, while encouraging aspen perpetuity, also 
favor the development of willows, which sometimes maintain a 
temporary dominance in an area until replaced by bog associations, 
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Fic. 13 


Fics. 12, 13.—Fig. 12, view along Hogback Road showing complete ascendency of 
pines over the aspens which ten years previously were dominant in this area (photo- 
graph by G. E. Nicuors); fig. 13, bluegrass meadow resulting from yearly fires in 
aspen area east of Pellston; occasional clumps of Diervilla diervilla, Rubus allegheniensis, 
Pteris aquilina, and Solidago hispida visible; July 21, 1917. 
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or until they are again burned. In the better types of soil, if fires 
recur at short enough intervals, the aspen association will main- 
tain itself indefinitely. If the fires are at long intervals the stump 
sprouts of beeches or maples compete for dominance and may attain 
it. If fires occur often, the aspens are favored, unless the fires are 
so frequent that even the aspens are killed, as is the case when fires 
occur annually. Under such conditions a meadow of Poa pratensis 
usually develops and maintains itself as long as such conditions 
continue (fig. 13). 

In sandy land, fires even at rather long intervals (12-20 years) 
favor perpetuity of the aspen association. Fires at more frequent 
intervals favor a heath vegetation unless they occur as often as 
every other year, in which case either a meadow or open ground is the 
result. If the humus is actually burned out of the soil, then succes- 
sion must start at the beginning. The seriousness of the situation 
in the case of sandy land lies in the fact that even an ordinary fire is 
rather certain to kill all small pine seedlings. Even a light fire is 
also likely to kill pine saplings under 1.5 m. high. As these pines do 
not sprout from their stumps, reseeding with all of its precarious- 
ness is necessary. One such area, near the Biological Station, favor- 
ably situated with regard to seed trees and other conditions, is now 
(1930) in its eighth year with but five pine seedlings in addition to 
the few left after the May, 1923 fire. The area had been noted for 
the large number of seedlings and saplings of pine. 

In all cases burning opens up the ground to more light, which is 
followed by a great increase in the number of individual ground 
plants and usually also in number of species. Both diminish as shade 
becomes re-established. Table IV, arranged from class data by 
Rurus Moore, shows the relationship between data of last fire and 
frequency of coniferous and aspen trees. All of these sets were on 
sandy upland soil; that with least humus designated as “1.” 

MOss AND LICHEN COVER (fig. 14).—In areas in which a moss and 
lichen cover is prominent, such as is often the case where fires have 
been frequent, the opportunity for ecesis is greatly diminished. ‘The 
seedling starting on top of such a mat must force its way down 
through 5-10 cm. of dense moss or lichen growth, with only such 
water as is obtainable from the surface of the moss or lichen. Any 
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small rainfall or dew is absorbed by the moss or lichen, which can 
often hold it against the ability of a seedling to take it, so that the 
seedling dries before it has had opportunity to penetrate the moss 
cover (14). Favorable circumstances, such as continued cloudy, wet 
spells, are decidedly infrequent. One may find tree seedlings coiled 
up after a rainy spell, indicating their effort to force their way 
through such cover. 

A small seed which has dropped through the cover to the surface 
may get its primary root into the ground, but with its cotyledons 


TABLE IV 


ABUNDANCE OF CONIFERS AND ASPENS AFTER FIRE 








ASPEN SETS 





oc ) eS 





Last fire 





1923 | 1909 Before 1909 Before 1892 





Percentage of all conifers. . . 
Percentage of Populus gran- 
didentata and P. tremu- 
: 44 
Soil (scale 1-3) 3 

















enmeshed in the Cladonia, it may be pulled out by the changes 
in height accompanying soaking in rains or heavy dews (1). Such 
heaving was repeatedly noticed in 1926 (a dry summer) both nat- 
urally and experimentally, but was not noticed in ordinary (1927) 
or wet (1928) seasons. Not until the mat is broken by shade are 
seedlings successful (15), except as acorns buried by rodents may 
sprout in dense bunches. 

RELIC ASPENS.—As the aspen dies when it is shaded, it is not long 
expected in succeeding associations. To remain as a relic the aspen 
tree must grow in height at least as fast as the tallest trees around it. 
In the best example in the region there are aspens as high as 20 m. 
and as thick as 35 cm., but balsam and spruce are now obviously 
gaining on them. In the sandy upland aspen trees cease to add 
materially to their height after 25-30 years, whether they are shaded 
or not. Trees 35 years old have badly discolored if not obviously 
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rotted wood. Death may be due to old age, windfall, heart rots, or 
less frequently to the work of borers. 

The typical secondary species disappear as shade becomes denser, 
giving place to an increasing quantity of secondary species of the 
succeeding association, or by their disappearance aiding the open- 
ness of a succeeding association. In increasing shade, Diervilla and 
Pieris at first grow much larger, but as the shade becomes too dense 
or continuous they begin to die off. Establishment of a needle 


Fic. 14.—Sandy upland aspen area in which many aspens have been removed by 
cutting, showing particularly the dense ground carpet of Cladonia rangiferina through 
which only a few plants of Pteris aquilina have appeared; August 5, 1926. 


carpet on the ground eliminates Pieris, even though the shade may 
not be dense. 

ASPENS IN RELATION TO CULTURE.—Aspens in this region occur 
almost entirely on uncultivated land. They offer no problems to the 
agriculturist or horticulturist except perhaps in the use of low wet 
land, but they will reclaim any abandoned land left free from cultiva- 
tion, in the absence of too frequent fires. 

Among the dominant species only Betula papyrifera is cultivated 
or planted for decorative purpose to any extent. Cultivation for 
pulpwood offers possibility of using otherwise idle land. RoBINOVE 
and Horton (16) state that 30-35 years is about the right age for 
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harvesting on the lowlands where such culture is promising, and 
recommend the use of Populus tremuloides and P. balsamifera. P. 
grandidentata on sandy upland might be harvested every 20 years, 
but would yield much less. 

Summary 

1. The aspen association, a secondary one, is now the most 
extensively developed over the wide areas in the northern part of 
the lower peninsula of Michigan. 

2. The association develops after the burning over of various 
associations. It occurs on each of the three prominent soil types. 
When on sandy upland soil it is dominated by Populus grandidentata, 
on clayey upland soil by Prunus pennsylvanica, and on lowland 
soils by Populus tremuloides. 

3. The association is characterized by a large number of species. 

4. Barring repeated fires, the association is likely to be replaced 
by the suitable forest association within 20-40 years, but with oc- 
casional fires it is perpetuated indefinitely. 

5. Lowland conditions are most favorable to aspen exploitation 
in this region. 
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CICATRIZATION OF FOLIAGE LEAVES 
I. WOUND RESPONSES OF CERTAIN MESOPHYTIC LEAVES 


ROBERT B. WYLIE 
(WITH FOURTEEN FIGURES) 


Introduction 


The foliage leaf is necessarily the most exposed part of the plant, 
but at the same time functional limitations compel a structure which 
affords at best but partial protection. Primarily for photosynthesis, 
the leaf cannot employ massive or opaque coverings since these 
would prevent the entrance of light. In contrast to the extensive 
cork and bark of stems, foliage leaves have usually a single epidermal 
layer of which only the cuticle of the outer wall is really protective. 
While there are various modifications of structure, especially in 
plants of unusual habitats, high foliar efficiency involves the free 
exposure of a relatively delicate organ. The corollary to an auto- 
phytic terrestrial life is a plant body with chlorenchyma rather freely 


exposed and without adequate protection from dangers physical and 
biotic. 


This enforced situation renders the foliage of plants peculiarly 
liable to injury. Winds, hail, insects, larvae, and grazing animals 
are destructive and their attacks leave the mutilated organs which 
are familiar to all. But the average leaf, while relatively helpless to 
prevent injury, seems peculiarly well fitted to care for its wounds. 
Even under severe attack by larvae the effects of injuries are local- 
ized and there is no marked wilting of remaining portions of injured 
leaves. Despite the frequency of lesion leaves seem to enjoy a re- 
markable immunity from traumatic infection. Remnants of foliage 
leaves are seen everywhere which continue to function for the re- 
mainder of the season without evidence of fungal invasion. 

Such conditions suggest that under average conditions very 
efficient defenses are set up by the leaf immediately after injury, and 
that these operate both to lessen water loss from wounds and to in- 
hibit the entrance of invading organisms. This paper is concerned 
Botanical Gazette, vol. 90] [260 
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with the development of the protective barriers formed by certain 
mesophytic leaves following lesion. An attempt is made to trace 
these structures from their initiation to maturity and to outline 
something of their significance. 


Literature 


The wound responses of stems have quite naturally interested 
both practical and scientific workers. Similarly insect attacks lead- 
ing to gall formation on leaves have been widely studied, as evi- 
denced by the voluminous literature. The normal healing of foliar 
wounds, however, has received relatively less attention. Papers deal- 
ing with leaf cicatrization are few in number and there seems to be 
no connected account of cicatrice development. While manuals on 
plant pathology devote much space to leaf diseases, infections 
through foliar wounds have compelled relatively little attention. 
This situation indicates the efficiency with which the wounds of 
leaves in general are healed. 

MassarT (7), in his general survey of cicatrization processes in 
the various groups of plants, devoted some attention to the leaf. 
He outlined certain results following wounding in a number of leaves, 
noted the death of cells along wounded margins, and figured tissue 
responses of Nuphar luteum, Clivia miniata, and Hoya cavenosa. Of 
special interest is his recognition of the difference in behavior of older 
and younger leaves of the same species, and also the contrast in 
response of wounded parts freely exposed to air in comparison with 
those partly protected from water loss. 

BLACKMAN and MATtTrTHAEtI (2) noted that if leaves of Prunus 
laurocerasus var. rotundifolia were removed from the tree and kept 
in beakers with cut stalks in water they showed no healing reaction 
if cut with a sharp knife; but if tissues had been killed by any means 
which crushed a number of cells an abscission layer was subsequent- 
ly developed, cutting out the dead tissue. Leaves if left on the tree 
developed layers of cork cells, after a preliminary browning of the 
edge, and with these there was no suggestion of excision. 

WYNEKEN (15), in a paper unfortunately without illustrations, 
reported the results of his study of a considerable number of dicotyle- 
dons. He commented on the widespread development of wound cork 
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following leaf injury. The outside layer of the healing tissue had 
suberized walls, while in some cases there was lignification of the 
walls of cells next underneath the suberized layer. 

BUSCALIONI and MuSCATELLO (3) carried out an extensive series 
of experiments studying the general reactions of leaves to various 
types of wounds produced by cutting, rubbing, crushing, and chem- 
ical destruction of cells. The healing tissues varied widely in leaves 
of different types, and in lesser degree with the nature and extent 
of the wound. They noted that humidity and light influenced wound 
responses and that detached leaves did not react strongly even when 
supplied with nutrient solutions. They observed a more active 
wound response in dicotyledons than in the leaves of monocotyle- 
dons and pteridophytes. 

Gertz (6), working with wounds caused by leaf miners, found 
commonly a marked hypertrophy of mesophyll cells bordering the 
tunnels. No periderm, however, was developed in any case along 
the cavities. 

Worr (10) reported on the general phenomena of foliar wound 
reactions, accompanied by a bibliography of important papers which 
in part are briefly reviewed. In this survey he found no data of 
special systematic significance. Simpler leaves developed simpler 
healing tissues while the thick leaved evergreens formed more mas- 
sive wound cork. Where water loss was reduced, as along the tunnels 
made by leaf miners, the borders developed no wound cork and fre- 
quently showed but slight response. Thinner leaves formed a cal- 
lus of modified wound cork which was more markedly developed in 
the thicker broad leaved evergreens. Wort stressed the significance 
of atmospheric moisture, transpiration, and water loss from the 
wounded margins. He noted that in a moist atmosphere callus is 
formed, while a freely exposed wound develops wound cork only. 

Numerous papers have dealt directly or indirectly with tissue re- 
sponses of leaves, or other plant parts, following infection by fungi. 
No attempt is made here to review this literature but a few papers 
are noted. 

Duccar (5) showed some time ago that the shot-hole effect on 
the foliage of plums, peaches, cherries, etc., is a peculiar reaction of 
the leaf to injuries by fungi, certain chemical agents, and possibly 
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other causes. He did not report unusual cellular development along 
the line of abscission. SAMUEL (9) studied the results of infection of 
almond leaves by Clastrosporium. In the majority of leaves the 
diseased portion was limited to a circular area which is usually cut 
out, producing the shot-hole effect and leaving the host free from 
infection. In young leaves the region of infection is invariably 
abscissed. In older leaves, especially in late summer or autumn, the 
diseased part is retained in place. Cell divisions lead to the forma- 
tion of wound cork, however, which checks further progress of the 
fungus. 

BARTHOLOMEW (1), in a study of the Alternaria rot of lemons, 
noted that there is formed a resistant layer of corklike tissue some- 
what in advance of the invading mycelium. In some cases two or 
three successive barriers had been formed at intervals by the host to 
check the invading growth. His figures show a cork zone of con- 
siderable thickness. CUNNINGHAM (4) found a number of leaf dis- 
eases resulting in a definite cicatrice about the margin of the diseased 
area. Artificial foliar wounding resulted in some cases in the forma- 
tion of a cicatrice similar to that formed in diseased leaves. In other 
cases the diseased leaves showed no evidence of a cicatrice such as 
is formed by the wounded leaves of these species. In two forms he 
reported that neither wounded nor diseased leaves developed a 
specialized cicatrice. 

Some time ago the writer carried out some simple experiments 
(11) which illustrate the marked capacity of foliage organs to with- 
stand injury. Leaves of certain woody plants may live with many 
or even all of their major veins transected. Using a leaf-punch most 
of the blade may be cut away, while remaining portions continue to 
function even though the total of freshly exposed wounded margins 
is many times the length of the blade. By means of variously ori- 
ented excisions the flow of materials in the minor venation may be 
forced in any direction and their carrying capacity shown to be 
enormously greater than that demanded under normal conditions. 
Another paper (12) outlined certain results of a preliminary study of 
the healing tissues developed following foliar lesion. It was noted 
that the cicatrice proper is derived mainly through new cells result- 
ing from mitoses involving all cell layers of the blade. The width of 
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the cicatrice varies considerably, but seems to bear a rather definite 
ratio to the thickness of the leaf itself; the thicker the leaf the wider 
the zone of scar tissue developed after lesion. An exception should 
be noted in the case of succulent or semisucculent leaves. A constant 
factor also is the presence of suberin and lignin in the cicatrice region, 

In a later paper the writer (13) summarized further facts relative 
to the cicatrice proper, and called attention to the preliminary 
barrier, termed by him the pseudocicatrice. This initial barricade re- 
sults from the death and collapse of mesophyll cells following wound- 
ing, and protects the exposed margin. The shrinkage of these dead 
cells usually pulls inward one or both epidermal layers with their 
highly protective cuticle. Secretions such as latex may also be liber- 
ated along the wounded margin which would further increase the 
efficiency of this barrier. The pseudocicatrice is formed quickly fol- 
lowing lesion, checks traumatic water loss, and soon ends the death 
of tissue adjacent to the wound. It is probably an important factor 
also in lessening the danger of infection following foliar lesion. An 
additional paper (14) traced the development of both pseudo- 
cicatrice and cicatrice in leaves of Citrus limonia. Leaf structure and 
wound responses of leaves grown in an Iowa planthouse were com- 
pared with those developed in a California orchard. It was noted 
that barrier tissues are of much slower development than in meso- 
phytic leaves, and are much more massive when mature. The cica- 
trice of the lemon leaf requires two or three weeks for its development. 


Methods and material 

After a general survey involving a considerable number of decidu- 
ous plants, Vitis vulpina and Rhus glabra were chosen for special 
study. Both are woody angiosperms which develop new foliage dur- 
ing the greater part of the summer, thus making available leaves of 
varying ages at any time of the growing season. In both the leaves 
are strongly dorsiventral in organization. The leaves of R. glabra 
have a more highly specialized structure and milky juice, while those 
of V. vulpina have simpler leaves which are devoid of latex. Of the 
two R. glabra seems more xerophytic, although the actual distribu- 
tion of plants seems scarcely to bear out this suggestion. In com- 
parison with these forms some study was made also of Syringa vul- 
garis and certain data relative to this species are included. 
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Since earlier studies had demonstrated that there is considerable 
difference in the traumatic response of immature as compared with 
leaves fully formed, two series of experiments were carried out, one 
with younger and the other with well developed leaves. Since obser- 
vations on the wound responses of these species showed that for 
fully exposed leaves the nature of the cutting tool did not materially 
influence the cicatrice, the wounds most closely followed in this 
study were made by means of scissors. It seemed that the crushing 
effect of the blades would more closely approximate the type of in- 
jury caused by insect mandibles. A parallel series wounded with a 
sharp razor was collected for comparative study. 

The leaves were cut, usually in the outer portion of the blade, at 
right angles to the major veins. In all experiments leaves were 
wounded early in the forenoon of clear midsummer days, thus expos- 
ing the freshly cut margins during the hours of greater transpiration 
and under conditions that favored traumatic water loss. Material 
was collected on alternate hours during the first day, then daily for 
ten days, and at five-day intervals up to about thirty days. At indi- 
cated intervals marked leaves were taken from plants and strips were 
removed by cuts parallel to the wounded edges. These excised por- 


tions were then divided into convenient rectangles, fixed in chro- 
macetic acid, and sections cut uniformly at 12 wu thickness. Most 
experiments were carried out and considerable material was col- 
lected on the grounds of the Iowa Lakeside Laboratory by Lake 
Okoboji iri northwestern Iowa. Further material for all three species 
was also collected at Iowa City, in east central Iowa. 


1. Vitis vulpina 

All the leaves used as the basis for drawings in this study were sun 
leaves on a wild grapevine growing along the exposed south side of 
a residence building in Iowa City. While some leaves were subse- 
quently shaded by overgrowth of adjacent branches, only those in 
full sunlight at the time of wounding were used. As noted, two series 
were run, mature sun leaves and also partly developed leaves which 
- Were 1-3 cm. long at the time of wounding. 

The leaves of V. vulpina range in thickness from 120 to 175 mu, with 
an average cross dimension of about 150 u. The simple epidermal 
layers (figs. 1-4) are nearly equal, with an average thickness of about 
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14 m, but the upper has a much heavier cuticle while the lower bears 
most of the stomata. The palisade extends for 50-60 u and is usually 
a single layer. The spongy mesophyll, 60 u in average thickness, ap- 
pears disconnected and irregular in the transverse aspect but shows 
a beautiful meshed arrangement in sections parallel to the leaf sur- 
face (fig. 6). Only when viewed in this direction is the unity of this 
layer and the real organization of the leaf apparent. The cells of the 
spongy mesophyll layer are drawn out horizontally in lobes which 
join about air spaces in a symmetrical way. Large openings thus ex- 
tend from the stomata through this layer and into the palisade, 
where lesser spaces surround the elongated cells (figs. 5, 6). 

While the major veins involve the entire leaf thickness, or pro- 
trude as ridges on the under side, the minor venation lies imbedded 
in the upper portion of the spongy mesophyll. By ramifications of 
these smaller veins all parts of the chlorenchyma are brought ‘into 
close connection with conductive channels. Measurements in the 
plane of the islet borders reveal an average intervascular distance of 
200 w for this species; the average maximum distance to a vein is 
therefore but 100 w, and most of the chlorenchyma is inside this 
limit. Tissues higher or lower are proportionately removed, but 
these border on the epidermal layers which assist both the functions 
of conduction and mechanical support. 


PSEUDOCICATRICE 


A zone of tissue of varying width is crushed in the -wounding 
process. Water escaping from the unprotected margin soon results 
in the death and collapse of additional cells in the tissue running 
parallel to the wounded edge. In Vitis this strip is 15-50 or more 
cells in width following wounding with scissors. If cuts are made 
with a sharp razor a somewhat wider zone of tissue dies, due no 
doubt to the greater exposure of intercellular spaces. While the razor 
crushes fewer cells, the air spaces are left more open to water evapora- 
tion and the total loss is thereby usually increased. Wound responses 
in other respects seem to show no difference. 

Sections cut parallel to the epidermis show that the line of junc- 
tion between living and dead tissue extends directly across islets 
and minor venation but usually dips inward where larger veins are 
cut across by the wound. One reason for this may be the greater loss 





Fics. 1-6.*—Vitis vulpina: fig. 1, cross-section of leaf 4 days after wounding, show- 
ing pseudocicatrice and initial cell divisions of cicatrice formation; fig. 2, 8-day stage 
with differentiation of outermost layer of cicatrice underneath pseudocicatrice; fig. 3, 
12-day stage, showing nearly mature cicatrice; fig. 4, 23-day stage in cross-section, 
showing typical pseudocicatrice and cicatrice; fig. 5, 23-day stage, palisade region as 
seen in section parallel with epidermis; jig. 6, from same slide as fig. 5, but showing 
section through spongy mesophyll. 


* All figures are magnified approximately 305 diameters. Figs. 1-11 were made by projection, using a 
Carl Zeiss no. 20, 8.3 mm. apochromatic objective in combination with a Zeiss 15 X compensating eye- 
Piece. Figs. 12-14 are photomicrographs used as foundations for drawings; negatives were made with same 
objective in combination with a no. 1 Homal. 
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of water from interrupted tracheal tissue, but another important 
factor is the difficulty of developing a pseudocicatrice with the epi- 
dermal layers held out on both sides by the thickness of the adjacent 
vein. 

Transverse sections of the leaves (figs. 1-4) show the relations of 
collapsed mesophyll, epidermal layers, and living tissues within as 
the pseudocicatrice develops. The dead mesophyll cells shrink, their 
walls collapse into folds, and the epidermal layers are usually pulled 
inward or may even overlap on the wounded margin. Lignin usual- 
ly appears in the pseudocicatrice on the third or fourth day, and at 
about the same time it may be demonstrated in the cicatrice region 
underneath. 

In Vitis the pseudocicatrice is obvious on exposed leaves within 
an hour after wounding, and seems to change little after the first 
day. Its development tends to check traumatic water loss and soon 
stops the dying back, as there seems to be no marked shift of the 
line of demarcation between living and dead tissues after the first 
few hours. Even in seriously injured leaves the areas of tissue that 
later die are well marked within the first day, and were probably 
determined by the water losses immediately after wounding while 
the pseudocicatrice was forming. 


CICATRICE 


There are no marked changes in the marginal living cells under- 
neath the pseudocicatrice for a couple of days after wounding. On 
the third day, as noted in the series most carefully followed, cell 
enlargement begins in a zone extending through the leaf parallel to 
the wounded margin. Increase in size of the cells of this general 
region rapidly diminishes the intercellular spaces, which are soon 
occluded by the encroachment of these enlarging cells. The outer 
living cells become convex, since the adjacent tissues have collapsed 
and no longer offer support. The cicatrice as a whole, in this species 
and in others, tends to be convex on the outer side and in some is 
strongly outcurved. 

The fourth day showed cell divisions in all cell layers (fig. 1), in- 
cluding both upper and lower epidermis. The new walls laid down 
in epidermal cells and in the spongy mesophyll are approximately 
parallel with the wounded margin. The long palisade cells usually 
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divide first into two or more shorter cells and these may later divide 
vertically. The cells of the palisade that enter into the outer part of 
the suberized zone of the cicatrice often remain undivided, however, 
the inner ones breaking up more freely. During the third and fourth 
days lignin is deposited in this general region of activity, and may 
generally be demonstrated also in the pseudocicatrice. Suberin is 
usually somewhat later in appearance in this species, but may be 
demonstrated in the developing cicatrice by the seventh day and 
becomes increasingly abundant as it matures. By the eighth day all 
mitoses necessary for the cicatrice have been completed and the cells 
are undergoing marked modification (fig. 2). Unstained sections at 
this time plainly show the yellowing of walls and changes in the con- 
tent of these outer cells. The walls thicken considerably, the second- 
ary lamellae showing clearly; but such thickenings are generally 
omitted along the interior faces of the innermost layers of the cica- 
trice next to the living tissue. By the twelfth day the healing tissue 
of Vitis vulpina has taken its mature expression. Subsequent collec- 
tions at intervals up to 30 days showed little change, and differences 
noted were probably due to the individual behavior of various leaves 
and to modifications due to proximity of veins. 

In most leaves there is a series of compact, flattened, and living 
cells immediately beneath the cicatrice. These persist without en- 
largement or specialization and retain their cambium-like appear- 
ance. This zone is much more pronounced in the thicker broad 
leaved evergreens (figs. 4-6, 13). 

The mature cicatrice of Vitis vulpina averages five or six cells in 
width, and, as noted, develops primarily from new cells resulting 
from cell division in all layers (figs. 3-6, 13). Its structure is uniform 
in organization away from vascular strands, but near veins it is 
usually considerably modified, often much thicker, and frequently 
more irregular. Veins are obstacles rather than aids to cicatrization. 
The main defensive layers have thickened walls which are suberized 
and constitute a most efficient barrier in every way (fig. 13). 


2. Rhus glabra 


The leaf of Rhus glabra presents a strongly specialized dorsiven- 
trality with well marked xerophytic tendencies (figs. 7, 12). The 
leaves studied varied in thickness from 160 to 200 , with an average 











Fics. 7-11.—Rhus glabra: fig. 7, transverse section of leaf 4 days after wounding; 
latex (stippled) in pseudocicatrice; fig. 8, 6-day stage, showing cicatrice region (pseudo- 
cicatrice not shown); fig. 9, 25-day stage, showing normal leaf tissue, cicatrice, and 
pseudocicatrice; fig. 10, 25-day stage, from section through palisade cut parallel with 
epidermis; fig. 11, from same slide as fig. 10, but showing section through spongy 
mesophyll. 
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distribution as follows: upper epidermis 21 yp, palisade too pw, spongy 
mesophyll 50 u, and lower epidermis 10 uw. The upper epidermis is 
covered by a thick cuticle, giving to the leaf its glossy appearance. 
All the palisade cells are long and slender, making up nearly three- 
fifths of the mesophyll, and these usually remain undivided in the 
normal leaf. The stomata are all in the lower epidermis, which is 
much thinner than the upper layer and has a relatively delicate 
cuticle. Leaves used were fully exposed sun leaves, collected in one 
series on the grounds of the Lakeside Laboratory in northwestern 
Towa, and also from plants in Iowa City. 

Sections cut parallel with the epidermis revealed the spongy meso- 
phyll, as in Vitis, with cells in meshlike arrangement (fig. 11). This 
structure is achieved by lobings of the cells, some having several 
extensions, each meeting a corresponding lobe from a neighboring 
cell. This symmetrical arrangement is scarcely suggested in the 
transverse section and probably results from lateral tensions de- 
veloped during formation of the leaf. 

The palisade layer, in sections cut parallel with the epidermis, is 
revealed as a series of rounded columns (fig. 10), surrounded laterally 
by air spaces, except at their upper ends where they make contacts 


with each other near the plane of their junction with the epidermis. 
Even in this region there may be small intercellular spaces where the 
cells are pulled slightly apart at the corners. The large upper epi- 
dermal cells each have 6-10 palisade cells attached on the under 
side. 


Vascular tissue other than the major venation lies imbedded in 
the spongy mesophyll. The ultimate branches of the veins lie un- 
usually close together in this species. Measurements from micro- 
tome sections cut parallel to the epidermis showed an average inter- 
vascular interval of only 85 4. Most of the smaller conductive 
strands are not visible when the whole leaf is examined. There may 
be a correlation between the extreme length of palisade cells and the 
close proximity of vascular strands which are closely associated with 
the lower ends of these cells. 

Rhus possesses a vigorous latex system which must be taken into 
account in studying its reactions to wounds (figs. 7, 9, 12). Latex 
tubes are associated with all of the larger veins, and these pour out 
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a profuse discharge whenever interrupted. If an exposed leaf is cut 
across, leaving a smooth wounded margin, however, the milky juice 
does not always cover the edge completely but may dry in masses 
about the ends of the transected veins. On the other hand, if a 
freshly wounded leaf is placed under a bell jar the exuded latex soon 
covers the entire margin. Similarly if wounded in the evening or at 
night, the milky juice spreads out considerably more than when in 
the sun and exposed to air currents. 


PSEUDOCICATRICE 


The pseudocicatrice formed by Rhus glabra is quite different from 
that described for Vitis. There is usually a wider zone of dead tissue, 
and the latex enters prominently into the region of crushed cells. 
Often, however, the zone of dead tissue is wider under the dried 
latex masses than elsewhere. In addition to modifications associated 
with latex, the heavy upper cuticle and the enormously elongated 
palisade cells introduce modifying factors. The upper epidermis, 
because of the heavy cuticle, stands out more stiffly and curves less 
sharply over the wounded margin (fig. 12), but the thinner lower 
epidermal layer is more readily pulled in with collapse of mesophyll 
cells (figs. 9, 12). In the interior of islets, away from obstructing 
veins, the epidermal infoldings are well developed except where the 
latex has involved the margin. In all cases the epidermal cells, al- 
though collapsed, still have the heavy cuticle which exercises its 
protective function. Since there are no mitoses until the fourth day, 
and the permanent cicatrice sequires about two weeks for complete 
development, it is obvious that the pseudocicatrice is the only de- 
fensive barrier for some time. 


CICATRICE 

Sections of leaves collected at intervals through two days after 
wounding showed no growth responses. It is difficult even to dis- 
tinguish between living and dead cells along the border for some 
time; since the zone of dead tissue is usually wide the inner cells 
collapse rather slowly. About the third day, however, differentiation 
is evidenced by enlargement of the outer living cells. Mitoses begin 
in the palisade layer on the fourth day, when the long palisade cells 
divide transversely into shorter units (fig. 7). Division is more active 
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on the fifth day, and by the sixth a single original palisade cell may 
have given rise to as many as four or more cells (fig. 8). In the 
spongy mesophyll cell division is somewhat delayed. Enlargement 
proceeds until cells make contact, then mitoses begin with new walls 
laid down parallel to the wounded margin. By the sixth day there 
is a compact zone of tissue in the region of the cicatrice; divisions 
meanwhile have taken place in both epidermal layers covering this 
expanding cicatrice region. Four, five, or more layers of the living 
cells enter actively into cicatrice formation from the sixth day for- 
ward. By that time some cells that have enlarged considerably pre- 
sent double the width of normal palisade. Yellowing of the walls, 
as shown in unstained sections, appears at this stage and is indica- 
tive of suberization. From the fourth day forward the cicatrice 
region reacts positively to tests for both lignin and suberin. 

Changes in the cicatrice continue for some time, and approximate- 
ly two weeks are necessary for its development. Modifications in- 
clude enlargement of cells, thickening of walls, changes in cell con- 
tent, and lignosuberization of cell walls throughout the barrier tissue 
(figs. 9-11). While the completed cicatrice proper includes but four 
to six rows of cells, there are usually several additional layers of rela- 
tively unspecialized cells compactly arranged on the interior of the 
cicatrice. 

The mature cicatrice as seen in stained section consists of a com- 
pact tissue of highly modified cells (arranged usually in convex form) 
and involving all cell layers, including both upper and lower epi- 
dermis (figs. 9-12). Usually one or two cell layers have different 
structure, staining brilliantly with Flemming’s triple stain and dis- 
playing a strikingly different content. 


3. Syringa vulgaris 
The leaf of Syringa is somewhat thicker than the preceding two, 
averaging in the material studied about 180 u in this dimension. 
Its general structure (fig. 14) seems to be intermediate compared 
with Vitis vulpina and Rhus glabra; the average intervascular inter- 


val of 103 u is also between measurements for the other species 
studied. 


Events following wounding may be summarized briefly by com- 
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Fics. 12-14.—Fig. 12, transverse section of Rhus glabra showing normal leaf tissue, 
cicatrice, and pseudocicatrice; fig. 13, transverse section of Vitis vul pina showing normal 
leaf tissue, cicatrice, and pseudocicatrice; fig. 14, transverse section of Syringa vulgaris 
showing normal leaf tissue, cicatrice, and pseudocicatrice. 
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parisons with the preceding species. Owing to the softness of the 
Syringa leaf and thinness of its cuticle, the pseudocicatrice forms 
quickly. With the death of exposed tissue the wounded margin is 
covered by the collapsed mesophyll, and the epidermal layers are 
drawn inward (fig. 14) except where blocked by adjacent veins. The 
cicatrice is of simpler type, consisting of two or three layers of 
specialized cells, and is strongly outcurved (fig. 14). The suberized 
walls of the outer layers are about the same thickness as in the other 
species studied, 0.8-1.5 u, averaging nearly twice that of unmodified 
mesophyll cell walls. The cicatrice region responds positively to 
tests for both suberin and lignin after the sixth day following wound- 
ing. 
4. Immature leaves 

Wound responses of immature leaves were very different from 
those of older ones on the same plant. Wounded when the blade is 
but 10-15 mm. long, the softer tissues and less specialized epidermal 
layers readily collapse and permit an efficient pseudocicatrice. The 
epidermal layers are commonly drawn more abruptly inward, and 
often flatten out parallel over the dead tissue. The resulting pseudo- 
cicatrice, while no more extensive, is of a somewhat different type 
from that produced by older leaves under the same conditions. 
There is a greater degree of shrinkage of marginal mesophyll, result- 
ing in a very compact pseudocicatrice. The cicatrice likewise shows 
general differences. It is more restricted and there is less cell en- 
largement. The protective cells are more nearly isodiametric than 
in older leaves of the species. Further experiments are in progress 
which deal with the varied responses of leaves when wounded at 
different stages of their development. 


Discussion 


The foliage leaf as the primary vegetative organ of the plant 
presents a series of correlated specializations the refinements of 
which are often hidden by their seeming simplicity. Its general 
structure, relative size, protective coverings, and internal organiza- 
tion result from compromises among numerous and sometimes con- 
flicting factors. No less specialized are the foliar responses to wounds 
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which become inevitable when such organs are freely exposed in 
aerial position. Mesophytic leaves in particular respond promptly 
when injured. 

The pseudocicatrice in its varied expressions is the initial barrier 
of the wounded leaf and for some time constitutes its only protection. 
It seems to be uniformly developed by exposed mesophytic foliage 
and is also formed by broad leaved evergreens, so far as studied by 
the writer, with the exception of the mature leaves of Berberis 
nervosa. Its failure to develop, owing to excessive humidity or to 
unusual rigidity of the walls of mesophyll cells, leaves wounds open 
to traumatic infections and retards pr inhibits cicatrice formation. 

Since the pseudocicatrice results primarily from the death and 
collapse of normal leaf tissue, there is no delay in its formation such 
as is necessary for the development of new cells or the gradual modi- 
fication of living tissues. Under usual conditions both the need for 
protection and the development of the defensive barrier are related 
to the common factor of traumatic water loss. Obvious within a few 
minutes after wounding, the pseudocicatrice of mesophytic leaves 
soon lessens water loss and usually stops the further death of tissue 
within a few hours following lesion. Its efficiency is greatly increased 
by the cuticular layers which usually are drawn inward by collapse 
of mesophyll and epidermal cells. 

The cicatrice proper, while highly efficient in its completed form, 
is relatively slow in its development. It is not initiated until three or 
four days after wounding, and its formation is related to the pre- 
liminary barrier. For several days after injury the marginal living 
cells, covered and protected by the pseudocicatrice, are passing 
through the cell division and cell enlargement stages. Ten or more 
days may be required for completion of the cicatrice in mesophytic 
leaves, and 20-30 days in broad leaved evergreens. 

During the formative phases of the cicatrice it affords little pro- 
tection to subjacent parts; indeed the foliar phellogen is itself pro- 
tected by the overlying pseudocicatrice through this period. Subse- 
quently the true cicatrice takes on the general aspects of cork 
through thickening and suberization of its cell walls. In the meso- 
phytic leaves studied, suberin is seldom demonstrable before the fifth 
day and may be even later in its appearance. Lignin is usually pres- 
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ent in the cicatrice region and is sometimes found in the pseudocica- 
trice as well. 

It seems probable that development of wound cork is in consider- 
able measure contingent upon the prior development of the pseudo- 
cicatrice. PRIESTLEY (8) calls attention to the necessity for a “block” 
before there can be the formation of phellogen under the surfaces 
of certain plant wounds. When conditions inhibit formation of a 
pseudocicatrice, as noted by BLACKMAN and Matruac! (2) in the 
leaves of Prunus kept in moist chamber, or Wort’s (10) observation 
of cells along the tunnels of leaf miners, there is likewise no cicatrice 
development. Under such circumstances the wound reponse, if any, 
is merely an enlargement of exposed cells with or without suberiza- 
tion of outer walls. A paper by the writer, to be published soon, deals 
with wound responses of Berberis nervosa. In this species the meso- 
phyll cells of older leaves have walls so thick that they do not col- 
lapse when the protoplasts are killed, thus preventing the formation 
of a pseudocicatrice and likewise inhibiting the development of 
wound cork. , 

It seems probable that the ability to deal promptly with their 
wounds has been an important factor in the evolution of foliar 
organs. There is doubtless a direct correlation between the general 
type of leaf structure, with its corresponding liability to injury, and 
the capacity for prompt development of buffer tissues when wounded. 
The relatively thin and soft but highly efficient mesophytic leaf, 
subjected to constant injury, is possible only because its structure 
favors ready response to wounds and particularly prompt develop- 
ment of the pseudocicatrice. Broad leaved evergreens with better 
protected foliage are much slower in their wound responses. A sur- 
vey of gymnosperms would probably show that their mature needle ° 
leaves have but limited capacity for the development of healing 
tissues. The mesophytic leaf, which from its organization is pecu- 
liarly liable to injury, is through the same structural qualities 
admirably fitted to deal with its lesions. 


University oF Iowa 
Iowa City, Iowa 


[Accepted for publication October 2, 1929] 
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SEX REVERSAL AND THE EXPERIMENTAL PRO- 
DUCTION OF NEUTRAL TASSELS IN ZEA MAYS" 


Joun H. SCHAFFNER 
(WITH FOUR FIGURES) 
Introduction 


The fact of sex reversal has been established for many species of 
plants. Commonly the reversal is brought about as readily in one 
direction as the other, namely, from female to male and from male to 
female condition. When such reversal takes place the physiological 
state must necessarily pass through a zero or neutral point in the 
transition from one sex to the other. The characters developed in 
tissues which have passed to the neutral condition are often of great 
interest; and when the general nature of the species is known, to- 
gether with its comparative place in the evolutionary series, it usual- 
ly becomes possible to predict with more or less certainty what is to 
be expected under a given environment. The writer has at various 
times made such predictions, usually with unqualified success. Thus 
in primitive monoecious or dioecious species, bisporangiate flowers 
are frequently produced on the neutral transition zone, while in 
those species which have highly evolved and reduced flowers com- 
plex sex mosaics may appear, even extending to the individual floral 
parts. In other cases rudimentary flowers or peculiar vegetative 
structures are produced. 

Having discovered a method of controlling the sexual states in the 
tassel of Zea mays, so that a given plot can be developed with ap- 
proximately any desired percentage of individuals showing tassels 
with a greater or less degree of femaleness, even up to 100 per cent, 
and having observed that the neutral condition causes the develop- 
ment of an extremely vestigial type of tassel and spikelets, it became 
evident that ecological conditions might be so manipulated that a 


* Papers from the Department of Botany, The Ohio State University, no. 249. 


*SCHAFFNER, JOHN H., Control of sex reversal in the tassel of Indian corn. Bor. 
Gaz. 84: 440-449. 1927. 
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considerable percentage of individuals would develop with entirely 
neutral, vestigial tassels. 

Zea mays has evolved to an extreme and complex hereditary con- 
stitution, attaining evolutionary limits along many lines. The func- 
tiona] gradients developed in its ontogeny must be understood in 
order to interpret the peculiar conditions which changing environ- 
ments bring about and to prepare for desired results. Corn is an 
annual with a definitely determinate terminal bud which ends its 
growth and life with the reproductive process. This fact is mainly 
responsible for the remarkable vestigial tassels produced experi- 
mentally. The latter part of the growth of the main axis, therefore, 
goes through a definite gradient leading to determination and death. 
The main vegetative axis also passes from a neutral condition toa 
secondary male condition during the latter part of its development, 
so that when conditions become proper for reproductive activity 
this male state gives a definite male dimorphism to the involved 
structures. The stem and leaf sheath become slender; the carpellate 
parts of the flower remain vestigial; the branching inflorescence fac- 
tors are thrown into activity; the glumes show prominent secondary 
sex limited characters; and of course the stamens develop as normal 
structures. There are also definite physiological gradients, as in- 
crease in pH and increase in catalase activity. The gradient of dif- 
ferentiation in the inflorescence does not follow cell lineage, but the 
spikelets develop first somewhat above the middle of the main axis 
and also at about corresponding points on the branches. From this 
middle point development proceeds upward to the determinate tips, 
and at the same time downward to the base of the inflorescence. 
These movements are of great importance and are responsible for 
different modes of character expression with increasing or decreasing 
photoperiodicity. 

A long light period of 13-15 hours’ daylight produces a completely 
staminate tassel, other things being proper, but a daylight period of 
8-10 hours causes a decided movement toward femaleness, so that in 
extreme cases very good ears are developed, and 100 per cent of the 
individuals will show at least some silks with normal ovularies in the 
tassel (fig. 1). The short illumination period, with the light coming 
through the greenhouse glass, with normal growing temperatures, 
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and with abundance of water and well manured soil, changes the 
functional gradient of the main stem so that instead of rising to the 
level where the sex balance swings to maleness it is lowered and 
passes through the neutral condition to the level of femaleness. It is 
evident, therefore, that if the neutral point is reached in the system 
just when reproduction and determination are beginning, it will be 
impossible for the hereditary factors, for spikelets, flowers, and other 
characters to come properly into play, since there is neither male nor 
female condition present in the cells. The result is a mere vestige of 
the inflorescence (figs. 1, 2). If the physiological condition has been 
changed more extremely, the female state will be present in the cells, 
normal female reproductive processes will be initiated, and normal 
female structures expressed (figs. 1, 3). 


DEVELOPMENT OF SEX MOSAICS 


Since the various gradients naturally do not all follow the same 
sequence as the cell lineage, complicated expressions will often result. 
On a decreasing light schedule at the proper balance, the change of 
gradients from maleness to femaleness will not have been attained 
when the differentiation of spikelets begins at the middle of the in- 
florescence axis perhaps, but may be only near this point. In such a 
case normal staminate spikelets will develop at first, but as differen- 
tiation advances toward the tip and the base the functional change 
will be developed to the neutral point, and the upper and lower ends 
of the inflorescence will be vestigial and neutral (fig. 2). Thus sex 
mosaics of varying degrees of normal staminate tissue in the middle 
and neutral tissues at the two extremes are abundantly produced. 
But if the movement is a little more prompt and the neutral point is 
reached and passed before completion of growth of the extremes of 
the tassel, then the physiological state will throw the sex balance to 
femaleness below and a sex mosaic of four zones will be produced, 
female at the base, next neuter, then male, and finally a neuter tip 
(fig. 3). The neutral zone below may often be practically absent, of 
course, depending on the rapidity with which the change from male- 
hess to femaleness takes place in the differentiating system. There 
will be no femaleness at the tip because of the rapid developing of the 
determinate gradient, which will not give time nor condition for the 
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Fic. 1.—Three “tassels” from plants of same plot, developed in decreasing short light 
condition: (1) normal (male), (2) vestigial (neuter), (3) carpellate (female with neuter 


tip). 
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tumover from neutral to femaleness before determination of the 
axis is accomplished. 

Thus also with autumn conditions of decreasing photoperiodicity, 
there will usually be not more than half an ear developed, for the 
system will be at zero when flower differentiation begins. Then the 
gradient downward will fall to femaleness and continue so to the base 
of the inflorescence; but the gradient upward will stay at zero be- 











Fic. 2.—Series of tassels from normal (at left) to extreme neutrality (at right); 
intermediate tassels have vestigial tips or completely vestigial branches. 


cause a determinate condition is rapidly developing and because ad- 
verse conditions of nutrition and growth are daily becoming worse. 
Under decreasing autumn light the tips have always been neuter 


vestiges, no matter how perfectly femaleness was developed at the 
base. 


On the other hand, if the corn is developing in a suitable daylight 
period and this is lengthening as growth proceeds, the functional 
changes in the system below, or the substances accumulating, may 
act on the sex balance of the inflorescence and the differentiation 
gradients in such a way that not only will the system be thrown to 
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femaleness below, with normal maleness in the middle, but female- 
ness may also have an opportunity to develop at the outer ends, in 
rare cases even at the very tips of the main axis and branches. Fre- 
quently the mosaic produced will be complicated and tassels will be 
formed with isolated carpellate spikelets scattered about. Such tas- 
sels when developed to maturity have a striking appearance, the 
mature isolated grains standing out like pearls among the dry stami- 





Fic. 3.—Series of five sex mosaic tassels at left, neutral tassel in middle, and four 
carpeilate tassels with neuter tips at right. 


nate spikelets. The specific production of these sex mosaics of vari- 
ous types in the tassel is due entirely to the nature of the environ- 
mental conditions and not to diverse combinations of genes of male, 
neuter, and female determining value. The hereditary balance of 
genes in the system has nothing to do directly with the particular 
mosaic produced. This is dependent on the development of the vari- 
ous physiological gradients induced, which in turn are dependent on 
the specific type of environment. Of the various environments, each 
produces a distinct type of inflorescence, whether completely male, 
completely female, completely neuter, or any of the diverse sex 
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mosaics, from the same balance of potentialities. Any theory of sex 
which would explain the diversity of sexual expressions by an appeal 
toa diversity of gene constitutions is entirely beside the mark. Such 
conceptions and hypotheses are fundamentally incorrect because 
they do not agree with established facts but merely with assump- 
tions derived from facts which are amenable to entirely different and 
consistent interpretations. 

There seems to be some confusion in regard to sex factors, con- 

ceived of as male, female, and neuter determiners and factors or 
genes responsible for specific male, female, and neuter characters. 
There is no dispute about the latter kind of genes and characters 
dependent on them. These apparently are present in great numbers 
and diversity in both plants and animals, as are other types of po- 
tentialities which are at the base of the various vegetative systems. 
Such potentialities follow the regular Mendelian program, but there 
isno direct evidence for postulating Mendelian factors for maleness, 
femaleness, and neutrality. 
. We have advanced far enough at present to be able to take a single 
grain of corn and make a somewhat safe prediction as to whether it 
will develop a pure staminate tassel or a decidedly carpellate in- 
florescence. We can also predict, in a percentage probability, 
whether the given grain is to develop a neutral tassel or a sex mosaic 
of one of the four general possible types, a neuter-male complex, a 
neuter-female complex, a male-female complex, or a female-male- 
neuter complex. The specific determination of the result is depend- 
ent on the environmental balance and not on a change of balance of 
genes, since no change of hereditary factors is involved in the opera- 
tion. The only way that the balance of genes is involved is that an 
hereditary constitution is present which gives the various sex reac- 
tions in the various environments. The environments are the de- 
terminers of the specific results. The same principles and results are 
in evidence in the case of dioecious species, as proved by numerous 
past experiments on such plants. 

Various oddities in sex mosaics sometimes appear. In one case, in 
addition to two normal carpellate spikelets at the base of the tassel, 
there was a spikelet with a typical, expanded carpellate base and 
typical, short, thickened glumes, but instead of a gynecium there 
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were eight normally developed stamens. In this case there was a 
rapid swing of the sex balance in the determinate spikelet axis from 
femaleness to maleness, just as when the stamen of a hemp flower 
suddenly reverses to femaleness and develops a typical stigma at 
its tip. 

Occasionally an unbranched tassel mosaic of five reaction zones is 
expressed, with femaleness at the base, next a neuter zone, a male 
zone in the middle, followed by a second neuter zone, and femaleness 
at the tip again. Sometimes the neuter zones between the normally 
expressed sexual areas are very narrow or practically absent. If the 
neutrality of the intercalated neutral zones is extreme enough to 
inhibit stamen development but still permit development of glumes 
with partial, secondary male characters, then there is often a decided 
reaction toward internodal development. Thus with the proper bal- 
ance, one or more prominent internodes may separate the compact, 
vestigial, neutral portion above and the compact, female portion 
below; or in case of a triple mosaic, with female expression below 
and above and male expression in the middle, the three sex zones 
may be separated by neutral zones with prominently developed 
internodes. 

In our ordinary varieties of corn, the lowest side branches or suck- 
ers usually develop a functional gradient which causes sex reactions 
to appear in the same manner as in the main stem; but in general, 
the higher from the base of the plant the sucker originates the more 
decidedly female it becomes. A sucker developed several internodes 
up from the base usually produces an ear or a stamen-carpel mosaic 
at the tip, even in a long light period. With shortening of the light 
period even the lowest suckers develop ears at the tip, as would 
be expected. 

NEUTRAL TASSELS 

It must be remembered that all corn populations will give fluctua- 
tion series in respect to sexual expression. This is true whether the 
variety of corn used is an ordinary commercial variety or a highly 
inbred line. It will be exceedingly difficult, therefore, to produce an 
extreme percentage of neutral tassels in a given population, because 
physiological and morphological fluctuations are already present in 
the seed when planted and must be continued, and because it is im- 
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possible to give the growing individuals absolutely the same ecologi- 
cal environment. On the other hand, since the physiological state 
can be so manipulated that all of the individuals are passing their 
terminal systems into the female state before reproductive differen- 
tiation takes place, and since these physiological states can be con- 
tinued in the same directions, it is easily possible to bring all of the 
tassels to a greater or less degree of carpellateness; and probably, 
with advanced knowledge in ecological control, even to the point of 
every individual having a respectable ear where the tassel should be. 
This should be done in the end as easily as keeping the population in 
an environment where all the tassels develop normally as staminate 
systems. With proper length and intensity of daily illumination, 40 
per cent or more of the population can be induced to have completely 
neutral, vestigial tassels, with an ‘additional number of nearly neu- 
tral tassels. 

If one is depending on the changing daylight periods of the dif- 
ferent seasons, the largest percentage of completely neutral tassels 
will be developed in plantings made between the first of August and 
the first of October. In the original experiments with sex reversal in 
corn, made several years ago, no separate records were kept of the 
neutral tassels developing, because at the time the chief interest was 
centered in the reversal from maleness to normal femaleness. It was 
therefore necessary to carry on an entirely new series of experiments 
to determine the rate of production of neuters. 

The more recent studies with Narrow-grain Evergreen Sweet corn 
give the statistical results shown in table I. The depth of soil on the 
benches was mostly about 8 inches, and manure and abundant water 
were supplied. This table shows that all the neutral tassels were pro- 
duced on a decreasing photoperiodic gradient between August 1 and 
November 1, with two exceptions, one on November to and one on 
January 1. In the first of the August 1 plantings recorded in the table 
as planted out of doors, although no completely sterile tassels devel- 
oped, there were nevertheless three with decidedly sterile branches. 
The tassels which were entirely neutral except for one basal ovulary 
and silk were not counted, since these were included with those in- 
dividuals which had undergone reversal from maleness to femaleness 
in part of the tassel. 
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The percentages of neuters of the different plantings show con- 
siderable fluctuation, as would be expected. This is probably due to 
the diversity of habitat conditions, since, as intimated before, these 


TABLE I 


PERCENTAGE OF NEUTRAL TASSELS PRODUCED AT DIFFERENT 
PLANTING DATES FROM 1927 TO 1929; NARROW-GRAIN 
EVERGREEN SWEET VARIETY 
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* Planted in garden out of doors. 
{ Low light intensity. 
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could not be made very uniform. The comparative amount of cioudi- 
ness and sunshine may also have considerable effect. With a greater 
environmental uniformity for the various plots, as well as for the 
individuals of the plot, the percentages would no doubt show more 
regular conformity to the length-of-daylight factor, especially if 
large populations were employed. 

A plot of forty-two plants of Early Connecticut 14-4, inbred for 
ten generations, planted November 1, 1928, showed two completely 
neutral tassels and forty with some reversal to femaleness varying 
from one silk and ovulary in the tassel up to forty-three. 


FLUCTUATION SERIES IN REVERSAL TO FEMALENESS 


Influence of the length of daily illumination, extending from about 
August 1 to about April 1, results in a remarkable fluctuation series 
in the reversal to female expression in the tassel, the reversal con- 
sistently increasing from a mere trace of femaleness in the terminal 
tassel at the beginning of this period to about too per cent by about 
November 1, followed by a gradual decrease to normal or nearly 
normal male expression by April 1. Not only is there fluctuation of 
the individuals of the given population, but the average number of 


ovularies and silks produced shows an increase from zero to about 35 


for the shortest photoperiodicity. These results are summarized in 
table IT. 


INDIVIDUAL FLUCTUATION 


Tables III-V show the remarkable difference in reaction of indi- 
vidual plants at three selected dates, August 15, October 29, and 
February 16. Study of a complete series of such tables enormously 
impresses one with the extreme differences of reaction under the 
various illumination periods, not only by the plots as a whole but by 
the individuals in the plots. As will be shown later, exactly similar 
results are produced in populations of highly inbred lines. The mech- 
anism of sex determination and expression is thus plainly a matter of 
physiological conditions and functional gradient in the cells and 
tissues involved, and these physiological conditions are determined 
through the interaction of the hereditary constitution of the in- 
dividual with the environment. 
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FLUCTUATION SERIES OF INDIVIDUALS SHOWING MAXIMUM 
PRODUCTION OF SILKS AND OVULARIES, JuLy TO APRIL 


There is a general progression in the number of silks produced 
on the individual showing the greatest extreme of sex reversal to the 


TABLE II 
COMPLETE RECORD OF REVERSAL TO FEMALENESS IN TASSEL OF PLANTINGS FOR 
1927-1929; NARROW-GRAIN EVERGREEN SWEET CORN (NEUTRAL 
TASSELS COUNTED AS NOT REVERSED) 
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* Planted in garden out of doors. t In tank with 3 feet deep soil and poor light. 
t Individual silks not counted, planting of 1926. 
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maximum date and then a decrease to the normal again. The num- 
ber of silks in the tassel on extreme individuals was as follows: 
July 2, 0; July 2 (second plot), 1; August 1, 37; August 15, 50; 
September 1, 64; September 15, 106; October 10, 45; October 15, 
154; October 17, 106; October 29, 105; November 1, 96; November 
15, 146; November 15 (second plot), 142; December 1, 62; December 
15, 128; January 1, 11; January 2, 92; February 2, 15; February 15, 
4; February 16, 12; March 1, 5; March 15, 10; March 21, 0; April 1, 
12; April 1 (second plot), 1; April 15, 0; April 16, o. 


TABLE III 


NARROW-GRAIN EVERGREEN SWEET CORN 
PLANTED AUGUST 15, 1928 
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Since the plots varied greatly in number of individuals and were 
comparatively small, no great regularity could be expected; but 
aside from this factor there are evidently numerous ecological and 
internal conditions which affect the reaction system. Nevertheless 
the reversal curve passes from zero to a maximum and then declines 
to zero again. 

The common explanation advanced by those who still hold the as- 
sumption that a chromosome factor or set of factors determines sex, 
even though environment can change the sex ratio by changing the 
nutritive balance, is of no value because it merely adds another 
assumption to the primary one, that there were sex factors to de- 
termine the sexual states in the first place. So far as the writer can 
discover no one has ever offered any definite proof for the assump- 
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TABLE IV 


NARROW-GRAIN EVERGREEN SWEET CORN 
PLANTED OCTOBER 29, 1928 


[NOVEMBER 
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TABLE V 


NARROW-GRAIN EVERGREEN SWEET CORN 
PLANTED FEBRUARY 16, 1928 








NUMBER OF PLANTS 
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tion that the sex of an individual, a tissue, or a cell is determined by a 
sex gene or sex factor mechanism. Even in case differential allosomes 
are present in dioecious species, it is definitely known that, in case of 
reversal to the opposite sex no change in chromosome constitution 
takes place. If it were impossible to produce sex reversals and fluc- 
tuation sex series at will, and especially if no sex reversal could take 
place without a corresponding shift of allosomes, there might be 
some plausibility for a belief in the assumption; but since both 
monoecious and dioecious plants react regularly to produce fluctua- 
tion sex series and sex reversals, when placed in the proper environ- 
ments, it seems impossible to reconcile the conflicting views on the 
subject. 


REACTION OF PURE LINE VARIETIES TO PHOTOPERIODICITY 


Plantings were made of two varieties of inbred Dent corn obtained 
from the Department of Farm Crops. They were Early Connecticut 
14-4 and Late Connecticut 1-6. The Early Connecticut was inbred 
for ten generations and the Late Connecticut for thirteen genera- 
tions. There was a marked difference in the vegetative growth of the 
two varieties. In general, when they were planted November 1, the 


Early Connecticut bloomed nearly a month earlier than the Late 
Connecticut. The long vegetative condition of the Late Connecticut 
during the short daylight period of winter also seemed to have a 
more decided influence in producing sex reversal, since when it came 
into full bloom by February 15 it showed 100 per cent with an aver- 
age of 63 2/5 silks per tassel (fig. 4), as compared with gs per cent for 
the Early Connecticut with an average of only 8 2/3 silks per tassel. 

In tables VI and VII the striking differences in reaction of the two 
varieties are shown. The difference in sex reaction in different in- 
dividuals is of the same nature as in the heterozygous commercial 
strain Narrow-grain Evergreen Sweet. The fluctuation series devel- 
oped, therefore, is not at all due to a complexity of reacting sex 
genes, as some have imagined, but simply represents a functional 
reaction to diversity of environments, the change in functional state 
causing a greater or smaller tipping of the sex balance from maleness 
to femaleness in the tassel. 

A plot of the inbred Late Connecticut 1-6 was planted Febru- 
ary I, 1929, in a sunny part of the greenhouse. It consisted of 19 
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individuals all normally developed, showing no reversal to female- 
ness in the tassel (fig. 4). 

In 1927 Miss COLLET, a student in the department, carried on 
some experiments under the direction of Dr. A. E. WALLER on the 
influence of light on various phases of growth and maturity in corn, 


sf 





Fic. 4.—Two plants of Connecticut Late 1-6, pure line: at left an individual planted 
November 1, showing complete female expression; at right an individual planted Feb- 
ruary 1, showing usual monoecious condition developed in long daylight period. 


One of her experiments was also with Early Connecticut 14-4, which 
had been inbred nine generations. The planting of October 19 con- 
sisted of 36 plants in pots, all under extremely uniform conditions. 
All reversed their tassels to femaleness except one, which had a com- 
pletely neutral tassel. The 35 plants with reversal to femaleness de- 
veloped gynecia with silks in the tassel ranging from 6 to 143, which 
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was a much larger expression of femaleness than is shown by the 
individuals of table VI. 


COMPLETE SUPPRESSION OF MALENESS 


One of the remarkable results brought out by the experiments is 
the fact that a plot of corn can be developed with no male character 


TABLE VI 


EarLY CONNECTICUT 14-4 DENT CORN, INBRED TEN GENERATIONS, PLANTED 
NOVEMBER I, 1928, IN 8 IN. SOIL ON GREENHOUSE BENCH 
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* Average silks per individual =83. 


expression whatever. Thus one plot planted October 10, 1928, with 
Narrow-grain Evergreen Sweet had 29 plants. Four of these had 
completely neutral tassels and the other 25 had tassels with varying 
degrees of neutral and female expression, the number of silks and 
ovularies produced per tassel varying from one to 45. Not a single 
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7 


normal anther with pollen was produced. Maleness was completely 
repressed, the male structures all being vestigial, as is the case with 
female or carpellate plants of dioecious species generally, which 
either show complete suppression of male structures or only vestiges, 

Another plot planted October 15, 1928, had 20 plants. One plant 
had 2 completely neutral tassel while the remaining 19 plants all 


TABLE VII 


LaTE ConNECTICUT 1-6 DENT CORN, INBRED THIRTEEN GENERATIONS, PLANTED 
NOVEMBER I, 1928, IN 8 IN. SOIL ON GREENHOUSE BENCH 








PLANTS PRODUCING 


NUMBER OF SILKS 
NUMBER OF PLANTS SOME NORMAL NEUTER TASSELS eS —— AND OVULARIES 
STAMENS PER TASSEL* 





7 
15 
19 
20 
20 
26 
30 
39 
42 
50 
54 
65 
71 
74 
78 
79 


Z 
I 
I 
I 
I 
I 
I 
I 
I 
° 
° 
I 
x 
° 
° 
° 
° 
I 
° 
° 
° 
° 
° 
° 
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Cn ee ce ec ee 





12=48% 25 =100% 

















* Average silks per individual = 63%. 


showed reversal to femaleness, ranging in expression from one silk 
and ovulary per tassel to 154. Of these 19 plants only two had 
pollen-bearing stamens and two had several small stamens each but 
without pollen. Thus in this plot only two individuals out of the 20 
developed normal male states and expressions. All plants of the two 
plots developed normal carpellate inflorescences or ears at the side. 
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Itis thus evident that not only is there a fluctuation series of reversal 
to femaleness in the tassel, but there is also a fluctuation series in the 
degree of expression of maleness. Apparently the optimum light pe- 
riod for producing complete suppression of maleness is attained with 
plantings between October 5 and 15. On either side of this period the 
fluctuation progresses to normal male expression in July on the one 
hand, and normal male expression in April on the other. 

It is evident that little value can be attached to the deductions 
from genetic studies carried on to discover hereditary potentialities 
unless proper account has been taken of the ecological-physiological 
control of hereditary expression. The expression of femaleness with 
the production of an ear at the tip of a stalk is just as much an ex- 
pression of its fundamental hereditary potentiality as is the expres- 
sion of maleness with the production of a tassel. So if one plants a 
grain of corn in a short light season and gets a stalk with an ear 
developed at the tip, as well as one at the side, then, using the cur- 
rent genetic terminology, it would be proper to insist that the heredi- 
tary nature of corn is such that “naturally” an ear is developed at 
the tip, but the “abnormal” light environment of summer changes 
the activity of the genes by disturbing the nutritive balance, and 
thus a tassel is produced abnormally where one was expecting an ear. 
Instead of speaking of ‘“‘normal’’ hereditary expression it is better to 
think of “usual” expression under the usual environment. 


Summary 


1. The experiments here reported establish the fact that complete- 
ly neutral, vestigial tassels can be developed at will in Zea mays by 
the simple control of environmental conditions, and that the natural 
photoperiodic gradient extending from August to November 1 will 
sometimes produce 4o per cent or more of neutral tassels in a popula- 
tion. These results suggest that the problem of sterility in plants, 
animals, and man is amenable to experimental analysis and remedy. 

2. With proper photoperiodicity, seven general types of tassels 
can be developed as follows: three of pure expression—staminate 
(male), carpellate (female), and vestigial (neuter); and four sex 
mosaics—staminate-neuter, carpellate-neuter, staminate-carpellate, 
and staminate-carpellate-neuter. 
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3. With the decreasing photoperiodicity of autumn, femaleness is 
only expressed at the base of the tassel and the tip is always neuter, 
the staminate expression occurring in the middle region. With the 
increasing photoperiodicity of winter and early spring, femaleness 
may also be expressed at the tip of the tassel and its branches, or 
sometimes in such a way as to form a complex mosaic with carpellate 
spikelets scattered among the staminate ones. 

4. Experiments with highly inbred varieties show that pure lines 
react to changed photoperiodicity in the same way as commercial 
heterozygous varieties, giving rise to complete sex reversals, neutral 
vestigial tassels, and ail the possible types of sex mosaics, as also 
extreme fluctuation series between members of a plot and fluctuation 
between successive plots developed in light periods of different 
lengths. 

5. Male expression can be suppressed completely in the monoe- 
cious Zea mays when it is grown in a decreasing photoperiodic en- 
vironment of suitable length. Entire plots of individuals can be de- 
veloped without the appearance of a single stamen. 

6. The diversity of sexual expression obtained is absolutely due 
to the diversity of physiological conditions produced through the 
diversity of environments, and has nothing to do in general with any 
diversity of hereditary factors which might be present in the differ- 
ent individuals of a given plot, since pure lines show just as extreme 
fluctuation in sex reaction as heterozygous lines. The specific sex 
condition developed is not dependent on any balance of sex-deter- 
mining or sex-producing genes. 

7. It is evident that genetic experiments involving sex conditions 
are of no value unless the reactions obtained are interpreted in the 
light of ecological conditions present. 


Onto STATE UNIVERSITY 
CoLumBus, OHIO 


[Accepted for publication October 31, 1929] 





IMPERFECT SEXUAL REACTIONS IN HOMOTHALLIC 
AND HETEROTHALLIC MUCORS' 


SOPHIA SATINA AND A. F. BLAKESLEE 


(WITH FIFTEEN FIGURES) 


In a recent paper (8) various criteria of male and female in Mucor 
were discussed. It is the purpose of the present paper to give the 
detailed data upon which the earlier publication was based. 

The imperfect sexual reaction which may take place between the 
(+) and (—) sexual races of different heterothallic species of Mucors 
has already been extensively studied (1, 3, 5). Such an interaction 
between sexes, which is illustrated in fig. 1, enables one to determine 
the sex of a given race which could not otherwise be so classified. 
The imperfect sexual reaction indicates the presence of some com- 
mon factor which elicits the sexual activity between species which 
may not be closely related taxonomically, and which may even be- 
long to different genera and families. This factor would seem to be 
qualitatively different from the one immediately responsible for the 
fusion in the perfect sexual reaction. 

Earlier studies showed that contrasts between homothallic and 
heterothallic species give also imperfect sexual reactions (2). Dif- 
ferent homothallic species, however, were found not to behave in 
the same way when contrasted with heterothallic races. Some of 
them reacted with both (+) and (—) races (Mucor genevensis), some 
(Sporodinia grandis) did not show any reaction, while other species 
showed either a (—) tendency (Absidia spinosa, Zygorhynchus moel- 
leri, Z. vuillemini) and reacted predominantly with the (+) races or 
had a (+) tendency (Z. heterogamus) and showed reactions only 
with the (—) races. 

In the homothallic species with the (—) tendency it was the small 

* Paper presented before the Mycological Section of the Botanical Society of Ameri- 
ca, December 27, 1928. This investigation was carried on under the joint support of 


the Carnegie Institution of Washington and Mrs. Walter S. Franklin, Mrs. Walter B. 


James, and Mr. Walter Jennings, to whom the writers gratefully acknowledge their 
indebtedness. 
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progametangia which reacted with the (+) races. In the homothallic 
species with the (+) tendency (Z. heterogamus) , however, the small 
progametangia appeared to react with the (—) races. The different 
behavior of Z. heterogamus from that of the other heterogamic her- 
maphrodites seemed to indicate that the smaller gametangium of this 
species is (+) whereas the smaller gametangium of the other hetero- 
gamic hermaphrodites studied is (—). That the smaller gametan- 
gium in one species was (—) and in another species was (+) would 
show that the generally accepted belief in the relative size of uniting 
sex cells as a criterion of male and female cannot be of universal 
application. 

Other phenomena in Mucors have shown that HARTMANN’s (6) 
theory of relative sexuality cannot hold for this group. The matter 
seemed to be of sufficient importance, not only to an understanding 
of sexuality in Mucors, but also for the theories of sex in general, to 
warrant a more intensive investigation. For these reasons the studies 
reported in the present paper were undertaken. Specifically answers 
were sought to the following questions: (1) Is the (+) and (-) 
tendency in the hermaphrodites a specific or a racial property? (2) 
Are the terminal and lateral hyphae in species of Zygorhynchus bi- 
sexual in nature, and does the sexual plasm become separated in the 
gametangia and suspensors of this genus? (3) Which of the pro- 
gametangium, small or large, in Z. heterogamus reacts with the (-) 
races and which with the (+) races? 

The technique employed is the same as that given in a previous 
paper (4). It was absolutely necessary to make the observations in 
dishes in which channels were cut in the nutrient agar between the 
contrasted races. 

Twenty homothallic races, included in eight species and five 
genera, were contrasted with seven (+) and six (—) sexually strong 
heterothallic races. Table I shows the results obtained from these 
contrasts. Both races of Mucor genevensis gave a strong reaction 
with all (+) and (—) races tested with one exception (A bsidia caeru- 
lea (—)). Sporodinia did not react with any tester. A number of 
other heterothallic and homothallic species were contrasted with 
Sporodinia under various external conditions, but always failed 
to show any imperfect reaction. BLAKESLEE (1) and NIELSEN (7) 
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have obtained the same negative results. One race of Dicranophora 
sp., one race of Absidia spinosa,’ and eleven races of Zygorhynchus 
included in three species (five races of Z. moelleri (971, 78, 932, 1007, 
1004), two races of Z. vuillemini (one of them agamic), four races of 
Zygorhynchus sp. (1008, 1009, 931, 1010), an American species close- 
ly related to Z. moelleri), all showed a marked (—) tendency and 
reacted with the (+) races only, except for three cases in which few 


TABLE I 


REACTIONS BETWEEN HOMOTHALLIC AND HETEROTHALLIC SPECIES 








HOMOTHALLIC RACES 





78 
leri 932 


HETEROTHALLIC 
RACES 


leri 971 


leri 1007 
leri 1004 


M. geneven. I 
M. geneven. II 
Absidia spinosa 
Dicranophora sp. 

leri 
Zygor. sp. 1008 
Zygor. sp. 1009 
Zygor. sp. 931 
Zygor. sp. 1010 
Zyg. vuillemini 
Z. vuil. var. agamus 
Zyg. heterogam. 1o11 
Zyg. heterogam. 934 
Zyg. heterogam. 1012 
Zyg. heterogam. 935 


Zyg. moe 
Zyg. moe 
Zyg. moe 
Zyg. moe 
Zyg. moe 





(+) TesTERS 
Mucor H 
M. dispersus........... 
Mucor V 
Rhiz. nigricans. . 
Abs. caerulea 
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*X indicates imperfect sexual reaction; O indicates no reaction. 


reacting progametangia were found in contrasts. with (—) races 
(Zygorhynchus 1008 XAbsidia glauca (—), Zygorhynchus 931XA. 
glauca (—), and A. spinosaXMucor V (—)). Imperfect reactions 
between A. spinosa and both (+) and (—) races of Mucor V were 


? Certain earlier tests and statements regarding species with (—) tendency (Z. moel- 
leri, Z. vuillemini, and A. spinosa) made by BLAKESLEE (2) apparently have been mis- 
interpreted by BurcErF (5). No reactions between these hermaphrodites and (—) 
races have earlier been reported by one of us, as BURGEFF (5) writes, except for one case 
(A. spinosaX Mucor V (—)). We considered them to be predominantly (—) or to have 
a4 (—) tendency because their small gametangia gave a strong sexual reaction with (+) 
testers, but no reaction or at best only a weak one with (—) testers. 
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observed in 1912 (2). These three races have been kept in cultiva- 
tion since that time and now give the same reactions as before. This 
constancy of sexual character is in accordance with all our experience 
with Mucors. 

The four races of Z. heterogamus showed a (+) tendency, since 
they reacted with only the (—) races in all cases but one (Zygor- 
hynchus 1011 XA. repens (+)). 

Besides the contrasts shown in table I, many others were made. 
Two races selected from the group with the (—) tendency (Dicrano- 
phora and Zygorhynchus sp. 1008) and two races from the group 
which showed the (+) tendency (Z. heterogamus 1011 and 934) were 
contrasted with both (+) and (—) races of a number of other hetero- 
thallic species (Mucor mucedo, M. hiemalis, M. griseocyanus, M. Ill, 
M. IV, M. VII, Absidia butleri, A. glauca (3 pairs), Rhizopus nigri- 
cans (5 pairs), Cunninghamella bertholletiae, C. elegans, C. echinulata, 
C. blakesleeana, Blakesleea trispora, Choanephora cucurbitarum, Phy- 
comyces blakesleeanus, Circinella umbellata, C. spinosa, Helicostylum 
piriforme, Syncephalastrum racemosum). There were some species 
both sexes of which failed to react with the selected races of the 
hermaphrodites. When any reaction was observed it was in accord 
with the sexual tendency of the hermaphrodites shown in table I. 
Without going into details, a brief summary of the tests made with 
Dicranophora may be given here. 

Fifty-two different races representing 20 different species were 
used in this series. Of the 26 (+) races, 15 gave a distinct imperfect 
reaction with Dicranophora with the production of progametangia; 
five induced the formation of a distinct yellowish line with the 
hyphae surrounded by twisted filaments of Dicranophora but no 
progametangia were evident; six races showed no sexual reaction 
with the hermaphrodite. Of the 26 (—) races, 23 failed to show any 
sexual reaction with Dicranophora and three induced the formation 
of a narrow yellowish line but without other suggestion of a sexual 
reaction. 

Table II shows the results obtained from contrasts between her- 
maphrodites. Zygospores were obtained when the contrasted races 
belonged to the same species. Distinct imperfect sexual reactions 
were obtained between races of different species which showed op- 
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posite sexual tendencies. Thus Absidia spinosa which has a (-) 
tendency gives an imperfect reaction with the races of Zygorhynchus 
heterogamus which have a (+) tendency. On the contrary no im- 
perfect reactions were observed between races of species which have 
the same sexual tendency. A. spinosa, for example, which has a (—) 
tendency, has shown no imperfect reaction with the races of Z. moel- 
leri or Z. vuillemini and Dicranophora which have also a (—) tend- 
ency. So far as our experience has gone, the individual races of a 


TABLE II 


REACTIONS BETWEEN HOMOTHALLIC SPECIES 








SPECIES SPECIES SPECIES 
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* Z indicates the production of zygospores; X imperfect sexual reaction; O no reaction. 


given heterogamic species have had the same sexual tendency. Her- 
maphroditic species with a (—) tendency are more frequent than 
those with a (+) tendency. In contrast to the forms discussed, Mu- 
cor genevensis has both sexual tendencies sufficiently developed to 
give imperfect reactions with both the predominantly (+) and the 
predominantly (—) groups. 

In the perfect sexual reaction which brings about the formation of 
zygospores there is a morphological differentiation of the zygophoric 
hyphae. A slender terminal hypha usually forms the smaller game- 
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tangium, while the larger gametangium is usually developed from a 
swollen lateral branch. A number of lines of evidence show that 
despite the morphological differentiation of the two progametangia, 
neither of them is strictly of a single sex. For example, a large 
progametangium or suspensor may develop a small gametangium 
(fig. 2) in which three perfect reactions may be observed, the 
large progametangia of which have arisen close together from an 
erect hypha. In one of these three, however, the small gametangium 
may be seen perched on the back of what is now a large suspensor. 
In fig. 3 are shown again three perfect reactions, two of them of the 
usual type but the third forming a zygospore between the two fila- 
ments, with the large progametangium therefore produced by a 
terminal hypha. Both of these figures are from Zygorhynchus hetero- 
gamus. 

It has frequently been found that terminal zygophoric branches 
may differentiate lateral branches and that Jateral ones may give 
rise to terminal branches. Tests have further shown that both lateral 
and terminal zygophoric hyphae can develop sporangia with bi- 
sexual spores. This observation confirms similar results obtained in 
Z. exponens by BuRGEFF (5). In some cases the differentiation of 
lateral branches may fail altogether and perfect reactions occur be- 
tween the terminations of elongated hyphae. All these cases lead to 
the conclusion that both zygophoric branches in young or old stages 
are bisexual. NiELson (7), working with Absidia spinosa, has 
reached the same conclusion. 

Further experimental studies or. Dicranophora (regeneration of 
isolated progametangia), which may be published later, strengthen 
the belief that the plasm in progametangia of hermaphrodites is 
undifferentiated sexually; but there is no experimental evidence 
available regarding the sexual condition in the gametangia them- 
selves. 

The lack of sharp localization of sex in the zygophoric hyphae of 
these hermaphrodites may account for the abundant production of 
what appear to be small progametangia along the whole length of 
hyphae when the hermaphrodite is grown in contrast with a race 
with which it shows an imperfect reaction. Thus in figs. 4, 5, and 11, 
in which imperfect reactions may be observed, the hyphae of the 




















Z.Moel.$ 

Fics. 1-7.*—Fig. 1, imperfect reaction between Mucor H (+) and M. dispersus (—) 
(note dense plasm and crowded nuclei at line of contact between both progametangia) ; 
cell wall between the two sex cells remains intact. Fig. 2, below: three perfect sexual 
reactions in Zygorhynchus heterogamus 934; small gametangium developed on suspensor 
of large gametangium and taking part in perfect reaction; above: imperfect reaction be- 
tween small progametangium of Zygorhynchus and small gametangium of Absidia 
Spinosa. Fig. 3, three perfect sexual reactions in Z. heterogamus 1o11; in one of them 
both large and small gametangia developed from terminal hyphae. Fig. 4, two imperfect 
reactions between small progametangia of Zygorhynchus sp. 1008 and A. glauca (+) 
(note abundant wartlike projections along length of hyphae of Zygorhynchus). Fig. 5, 
two imperfect reactions between small progametangia of Z. moelleri 1004 and Mucor 
H (+); abundant wartlike projections on hyphae of hermaphrodite. Fig. 6, five im- 
perfect reactions between small progametangia of Dicranophora sp. and A. caerulea (+). 
Fig. 7, imperfect reaction between large progametangium of Zygorhynchus sp. 1008 and 
A. glauca (—); large progametangium developed from lateral hypha; compare with 
perfect reaction at left of figure. 

* All figures drawn with aid of Abbe camera lucida: fig. 1 from fixed and mounted material under Leitz 


2mm. apochromatic objective combined with compens. ocular 15 X; figs. 2-6, 8-11, 13-15 from living ma- 


terial under Zeiss objective 8 and comp. ocular 15 X; figs. 7 and 12 from living material under Zeiss objec- 
lve 20 and comp. ocular 15 X. 
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hermaphrodites are covered with small warts resembling small pro- 
gametangia but unconnected with filaments of the other species 
responsible for the imperfect reactions. Such wartlike projections in 
most species are rare when the hermaphrodites are grown in pure 
cultures. On stout lateral branches they do not appear. 

Figs. 4-6 illustrate imperfect reactions between the species witha 
(—) tendency (Zygorhynchus sp., Z. moelleri, and Dicranophora) on 
the one hand and (+) races of heterothallic species (Absidia glauca, 
Mucor H, and A. caerulea) on the other hand. In all cases it is ap- 
parently the small progametangium of the hermaphrodite which 
reacts with a progametangium of the (+) tester. The condition is 
strikingly different in those rare cases shown in fig. 7, in which a 
reaction takes place between one of these hermaphrodites and a (—) 
race of a heterothallic species. In figs. 4 and 7 the same race of the 
hermaphrodite (Zygorhynchus 1008) is represented but the opposite 
sexes of the heterothallic species ((+) and (—) A. glauca). It is 
evident from these figures and from other observations on this group 
of heterogamic species of Mucors that the (+) testers react with the 
small progametangium while the (—) testers react with the large 
progametangium. 

Special. attention was given to a study of the character of the 
reacting cells in Z. heterogamus which belongs to a group with a dif- 
ferent sexual tendency. This hermaphrodite behaves in a manner 
the exact opposite of that shown by the other hermaphrodites just 
discussed. It shows ‘strong reactions with (—) instead of with (+) 
testers and weak or no reactions with (+) instead of with (-) 
testers. Moreover, a (—) tester stimulates a reaction in its small 
rather than in its large progametangium (figs. 8, 9). In figs. 9 and 10 
the same race of the hermaphrodite (Z. heterogamus 934) is represent- 
ed in reaction with the (—) and (+) races respectively of Absidia 
repens. It is evident that the large progametangium reacts with the 
(+) and the small progametangium with the (—) race of the hetero- 
thallic Absidia. 

The reaction shown in fig. ro is the only conclusive one observed 
out of numerous contrasts with a considerable number of (+) races 
from many different species. A few doubtful cases have been re- 
corded but lack of any sexual reaction is characteristic of the con- 
trast between Z. heterogamus and (+) races. 
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Fics. 8-15.—Fig. 8, three imperfect reactions between small progametangia of 
Zygorhynchus heterogamus 1011 and Absidia glauca (—); compare size and shape of these 
small progametangia with small sexual cell in perfect reaction in lower part of figure. 
Fig. 9, imperfect reaction between small gametangium of Z. heterogamus 934 and A. re- 
pens (—); perfect reaction is shown in lower part of figure. Fig. 10, imperfect reaction 
between large progametangium of Z. heterogamus 934 and A. repens (+); perfect reac- 
tion shown above. Fig. 11, two imperfect reactions between small progametangia of 
Z. heterogamus 1011 and small progametangia of Zygorhynchus sp. 1008; hyphae of 
latter species covered with wartlike projections. Fig. 12, imperfect reaction between 
large gametangium of Z. heterogamus tort and large gametangium of A. spinosa (note 
citcinate outgrowths from suspensor of A. spinosa); perfect reaction of Zygorhynchus 
shown in lower part of figure. Fig. 13, two imperfect reactions between Z. heterogamus 
to11 and A. spinosa; in middle of figure the reaction is between two large gametangia, 
that of Absidia being subtended by circinate outgrowths; in upper part of figure the 
reaction is between two small progametangia. Fig. 14, two imperfect reactions between 
small progametangia of Z. heterogamus 934 and small progametangia of A. spinosa. 

ig. 15, three imperfect reactions between small progametangia of Z. heterogamus 
934 and small progametangia of A. spinosa; two perfect reactions shown in Zygorhynchus 
in one of which the small gametangium developed from a large suspensor. 
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In view of the almost complete failure to obtain sexual reactions 
with the large progametangium of Z. heterogamus, studies were made 
of the reactions between Z. heterogamus and other hermaphrodites 
(Absidia spinosa, Zygorhynchus sp.). From the reactions shown with 
(+) and (—) races of heterothallic species, we may consider in 
Z. heterogamus the small gametangium as (+) and the large one as 


Dioecious Species 
WM GC 








| 


Ly gorhynchus heterogamus Absidia spinosa 


Diagram showing by solid lines the imperfect reactions obtained between a dioecious 
species and two types of heterogamic hermaphrodites; in one hermaphrodite the larger 
sex cell is (+) while in the other it is (—). 


(—). In A. spinosa and the other heterogamic hermaphrodites, how- 
ever, the small gametangium is (—) and the large gametangium (+). 

If the interpretation just made concerning the sexual nature of the 
large and small gametangia in these forms is correct, contrasts be- 
tween Z. heterogamus and the other hermaphrodites (Z. moelleri 
type, A. spinosa, Dicranophora) should bring about a reaction be- 
tween a small (+) gametangium of Z. heterogamus and a small (-) 





Oy eee eS ee eee ee ae oe ae ae ae ey ell er ee Ae 


1930] SATINA & BLAKESLEE—SEXUAL REACTIONS 309 


gametangium of the other hermaphrodites. There would also be ex- 
pected a reaction between a large (—) gametangium of Z. hetero- 
gamus and a large (+) gametangium of the other hermaphrodites 
mentioned. This expectation was fulfilled, as shown in the adjacent 
diagram. Fig. 11 illustrates a reaction between small progametangia 
of Z. heterogamus and smal] progametangia of Zygorhynchus sp. 1008. 
Figs. 12-15 show the expected reactions between Z. heterogamus and 
A. spinosa. A. spinosa was especially adapted to such contrasts be- 
cause of the presence of circinate outgrowths from suspensors on the 
side of the large (+) gametangium and absence of such outgrowths 
below the small (—) gametangium. Successive observations made 
during several hours on the same reacting progametangia permit 
definite conclusions concerning the size of the sex cells in Absidia and 
in Zygorhynchus with which it reacts. Fig. 12 shows a reaction be- 
tween a large gametangium of Z. heterogamus which had developed 
ona lateral hypha, and a large gametangium of A. spinosa. A similar 
reaction can be seen in fig. 13, in which the large (+) gametangium 
of A. spinosa reacts with a large (—) progametangium of Z. helero- 
gamus. The progametangium of the latter species arose on a thick 
hypha and is less well developed than the one shown in fig. 12. Fig. 
13 shows also a reaction between the small progametangia of the 
two contrasted hermaphrodites. In this figure a comparison can 
readily be made between the sizes of the reacting sex cells. In both 
figs. 12 and 13 the large gametangia of A. spinosa may be seen to be 
subtended by the circinate outgrowths characteristic of this species. 
Figs. 14 and 15 show reactions between small (+) progametangia of 
Z. heterogamus and the small (—) progametangia of A. spinosa. 
There were seven small outgrowths that had developed from a hypha 
of Z. heterogamus (fig. 15). Three of them reacted with A. spinosa, 
three are free, and one is involved in a perfect reaction with a large 
gametangium from a neighboring hypha. The suspensor of this latter 
gametangium has given rise to a small gametangium also involved in 
a perfect reaction (cf. also fig. 2). 

In an earlier paper (8) we discussed the various criteria of male 
and female in Mucors and the relations which the findings reported 
in more detail in the present paper may have with other sexual phe- 
nomena. It will not be necessary, therefore, to enter into a further 
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discussion of these matters here. It will suffice if we have presented 
adequate data in support of our belief that in the heterogamic her- 
maphrodite Zygorhynchus heterogamus the large and small gametan- 
gia give an opposite sexual reaction from that given by the large and 
small gametangia of the other heterogamic hermaphrodites. 


Summary 

Imperfect sexual reactions were tested between homothallic 
species (including both homogamic and heterogamic forms) and (+) 
and (—) races of heterothallic species. Among the heterogamic her- 
maphrodites there are two sexual groups: (1) those with a (—) sexu- 
al tendency (A. spinosa, Dicranophora, Z. moelleri, Z. vuillemini, 
Zygorhynchus sp.); these show strong reactions with (+) races and 
weak or no reactions with (—) races; and (2) those with a (+) tend- 
ency (Z. heterogamus). These show strong reactions with (—) races 
and weak or no reactions with (+) races. So far as investigated, all 
the races of a given species have the same sexual tendency. 

The terminal and lateral zygophoric hyphae of the hermaphro- 
dites investigated are bisexual. The terminal hyphae take part more 
actively in imperfect sexual reactions than do the lateral branches. 

In the group of hermaphrodites with a (—) tendency, the large 
gametangium is shown to be (+) from its reactions with (—) races 
and the small gametangium is shown to be (—) from the reaction 
with (+) races. In the group with a (+) tendency, represented by 
Z. heterogamus, however, the large gametangium is shown to be (—) 
in reaction and the small gametangium to be (+). Representative 
hermaphrodites of these groups when grown together have given 
imperfect reactions. A small gametangium of the one group reacts 
with a small gametangium from the representative of the other 
group, or less frequently two large gametangia, one from each group, 
show a rautual reaction. 


CARNEGIE INSTITUTE OF WASHINGTON 
DEPARTMENT OF GENETICS 
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Lone IsLanp, N.Y. 
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A PARTIAL REVISION OF FOSSIL FORMS 
OF ARTOCARPUS 


OscaR M. BALL 
(WITH SEVENTEEN FIGURES) 


Introduction 


Fossil remains assigned by investigators to Artocar pus first appear 
in the Cretaceous of Greenland. They were described by NatTHorst 
(12) and consisted both of leaves and of parts of the fruit. About 
twenty-five years earlier, however, LESQUEREUX had described from 
the Laramie beds of Boulder County, Colorado, certain huge leaves 
as Myrica (?) lessigniana (9) and Myrica (?) lessigii (10). The latter 
specific name is apparently an error of LESQUEREUX’s. NATHORST 
pointed out that these leaves were in reality those of Artocarpus. 
KNOWLTON (5) transferred both of LESQUEREUXx’s forms to Arto- 
carpus lessigniana (Lesquereux) Knowlton. 

LESQUEREUX (11) recorded from the Denver formation at Golden, 
Colorado, other leaves as Aralia pungens. Leaves similar to these 
were discovered by Hoxtick (4) in beds of the lower Eocene in 
Louisiana. Like NATHORST, he recognized their true affinity and re- 
corded them as Artocarpus pungens (Lesquereux) Hollick. In addi- 
tion, HoLiick records a new species, Artocarpus dubia, from the 
same beds, a red sandstone, one-fourth of a mile above Coushatta. 
In his notes he states, ‘This may be merely a young or small leaf of 
Artocarpus lessigniana (Lesquereux) Knowlton.” This surmise is 
correct. HoLuick records Artocarpus lessigniana from beds near 
Shreveport in the same state. BERRY (2) redescribed these three 
“species” from various localities in the Embayment province, and 
made the same notation regarding A. dubia as that of HoLticx al- 
ready quoted. 

KNOWLTON (6) has a species, Artocarpus similis, which he states 
is, “in a way, intermediate between A. lessigniana and A. pungens. 
.... The differences separating the three are not very marked, and 
it is quite possible that with a fair series of specimens, they might 
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be found to be indistinguishable.’’ This series has, I think, been 
found in the beds of the Indio of Texas. The leaf figured by KNow1- 
TON in pl. 78, fig. 1 has a base with deeply decurrent margins. This 
feature is a characteristic commonly found in specimens from the 
Bastrop County beds. 

From the Raton field in southern Colorado KNowLTon (7) de- 
scribed a fragment of a leaf from the Vermejo formation (Cre- 
taceous) as Artocarpus dissecta. He notes its close resemblance to A. 
lessigniana and suggests that a series of leaves would show their 
identity. This fragment may be compared with one obtained from 
Barton’s ranch (fig. 2) which is clearly A. lessigniana. It might be 
urged that A. dissecta Knowlton should be considered a true species 
because it appears in Cretaceous beds, and therefore is vastly older 
than the Eocene forms. In this connection it must be observed that 
the type locality of A. lessigniana is in the Laramie, at Coal Creek, 
which formation is usually placed in the Upper Cretaceous. 

KNOWLTON (8) at one time combined A. pungens with A. lessig- 
niana, and BERRY (2) mentions this fact in his redescription of A. 
pungens. KNOWLTON separated them again in his Raton flora, how- 
ever, and BERRY (3) also separated them, but has since reached the 
conclusion that the two are identical and has indicated this view to 
me in correspondence. 

Investigation 

The writer has made extensive collections of fossil plants from 
beds of the Indio formation (Eocene) from two localities in Bastrop 
County, Texas. The first of these stations is on the ranch of Mr. 
John Barton, and is an exposure in the bank of a small tributary to 
Wilbarger Creek, about one-half mile north of bench mark 3091, 
Bastrop quadrangle. Fifty-five species have been described (1) from 
these beds, which contained great numbers of individual specimens, 
among them a few fragments of Artocarpus lessigniana. 

Exposures of the same formation appear in a bluff on Little Sandy 
Creek, about 4 miles due east of the Barton ranch station and 2 
miles north of Sayers. At the time of this writing, 42 species have 
been recovered from these beds. They carry enormous numbers of 
the leaves of a fan-palm and an abundance of those of Artocarpus, 
of a great variety of form. One striking form of the latter has as yet 
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appeared nowhere else (figs. 6, 15). After a prolonged and exhaus- 
tive study of this new form it was referred to Professor BERRY, who 





Fics. 1-4.*—Fig. 1, Aralia pungens Lesquereux=Artocarpus lessigniana (Les- 
quereux) Knowlton; Golden, Colorado; original in Princeton University; fig. 2, A. /es- 
signiana (Lesquereux) Knowlton; fig. 3, A. lessigniana (Lesquereux) Knowlton; dubia 
type; fig. 4, A. lessigniana (Lesquereux) Knowlton; aberrant form. 


* All leaves except that of fig. 1 are from beds of the Indio formation in Bastrop I 
County, Texas. vos 
nian 


dubi 











Les- 
les- 
ubia 


trop 


Fics. 5~8.—Fig. 5, Artocarpus lessigniana (Lesquereux) Knowlton, showing base and 
venation; fig. 6, A. lessigniana (Lesquereux) Knowlton, new form, dubia type; fig. 7, A. lessig- 
niana (Lesquereux) Knowlton, new variant; fig. 8, A. lessigniana (Lesquereux) Knowlton, 
dubia type. 
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kindly gave the specimens a critical examination and suggested their 
probable relationship to Artocarpus. In the meantime large new col- 


Fics. 9-13.—Fig. 9, Artocarpus lessigniana (Lesquereux) Knowlton; fig. 10, A. les- 
signiana (Lesquereux) Knowlton, lower part of new variant showing elongated petiole; 
fig. 11, A. lessigniana (Lesquereux) Knowlton; small leaf of a new variant without termi- 
nal lobes showing typical venation; fig. 12, A. lessigniana (Lesquereux) Knowlton, 


another variant; fig. 13, A. lessigniana (Lesquereux) Knowlton, relatively broad leaf 
of new variant. 
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lections of all obtainable variants had been made from these beds. 
Among them appeared two huge new forms (figs. 14, 16). 

In this great collection are forms which duplicate or at least ap- 
proximate each of the so-called species, lessigniana, pungens, dubia, 
similis, and dissecta. These are shown in the illustrations. The 
writer is therefore convinced that they are all leaf variations of one 
and the same species, and that the five ‘‘species” here considered 
should be combined under the name Artocarpus lessigniana (Les- 
quereux) Knowlton, which has the right of priority. The following 
isa list of the most important variations: 


ARTOCARPUS LESSIGNIANA (LESQUEREUX) KNOWLTON 


Myrica (?) lessigniana Lesquereux, U.S. Geol. and Geog. S., Terr. 
Bull. Vol. 1, 1875 (1876), p. 386; dem, Ann. Rept. 1874 (1876) p. 
312. 

Myrica (?) lessigiti Lesquereux, U.S. G.S. Vol. 7 (Tert. Flora), 1878, 
p. 136, pl. 64, fig. 1. 

Artocarpus lessigniana (Lesquereux) Knowlton, Science, Vol. 21, 
1893, p. 24; Hollick, Geol. Surv. La., Spcl. Rept. 5, 1899, p. 281, 
pl. 37; Berry, U.S. G.S. Prof. Pap. 91, 1916, p. 194, pl. 26, fig. 1. 

Aralia pungens Lesquereux, U.S. G. S. Vol. 8 (Cret. and Tert. F1.), 
1883, p. 123, pl. 18, figs. 3, 4. 

Arlocarpus pungens (Lesquereux) Hollick, Geol. Surv. La. Spel. 
Rept. 5, 1899, p. 281, pl. 38, figs. 1, 2; Berry, U. S. G. S. Prof. 
Pap. 91, 1916, p. 195, pl. 25, fig. 1; pl. 27, fig. 1; pl. 20, fig. 1. 

Artocarpus dubia Hollick, Geol. Surv. La. Spcl. Rept. 5, 1899, p. 281, 
pl. 38, fig. 3; Berry, U.S. G. S. Prof. Pap. 91, «916, p. 196, pl. 29, 
fig. 2; pl. 113, figs. 1, 2. 

Artocarpus similis Knowlton, U. S. G. S. Prof. Pap. ror, 1917, p. 
306, pl. 77, pl. 78, figs. 1, 2. 

Artocarpus dissecta Knowlton, idem, p. 267, pl. 42, fig. 6. 

The leaves vary exceedingly in size and form, the largest reaching 
alength of about 40 cm. with a breadth of 30 cm., the smallest are 
about 5 cm. long and 2 cm. wide; entire, trilobate, or pinnately one 
to several-lobed. They may conveniently be described by dividing 
them into five types as follows: 

Type 1.—Large, elliptical, deeply lobate; Lessigniana-pungens- 
similis-dissecta type (figs. 1, 2, 9). 
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Type 2.—Large, elliptical, less deeply lobate or nearly entire; 
new variant (fig. 14). 

Type 3.—Large, elliptical or ovate-elliptical, pointed, entire; new 
variant (fig. 16). 

Type 4.—Smaller, more or less slender, oblanceolate to obovate, 
trilobate at top; in part dubia type (figs. 3, 6, 7, 15). 


Pe 
. nae 


~ 


Fics. 15-17.—Fig. 15, Artocarpus lessigniana (Lesquereux) Knowlton, new variant, 
dubia type; fig. 16, A. lessigniana (Lesquereux) Knowlton, entire leaf of new variant; 
fig. 17, Andromeda (?) lanceolata Knowlton, partly superposed on A. lessigniana. 


Type 5.—Small, elliptical, ovate or obovate, without lobes; new 
variants (figs. 4, 11, 12). 


In general outline the leaves of the lessigniana-pungens-similis- 
dissecta type are oval or elliptical, widest near the middle, and bear 
several large and pointed lobes (figs. 1, 2, 9). They are often of great 
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size, the largest not less than 40 cm. long and perhaps 30 cm. wide 
from tip to tip of longest lateral lobes, of which there were at least 
three on a side in the largest specimen. The lobes are typically 
lanceolate, elongated into a slender and graceful point and are 
separated by saclike sinuses. The lateral lobes point outward but 
the distal arch upward. In some specimens the lobes are contracted 
below, becoming ovate-lanceolate in outline. The midrib is stout and 
straight ; secondaries generally opposite and of two kinds. The larger 
and longer arise at angles of 40-45° and pass straight out to the tip 
of the lobes. The longest of these veins in our specimens is 20 cm., 
and this lobe, measured from the bottom of the sinus, is 13 cm. long. 
These secondaries in turn give rise, in the tissue of the lobes, to 
four or five pairs of tertiaries which are partly craspedodrome, and 
partly camptodrome in arches along the borders. The secondaries 
of the other kind are much thinner. Some of these pursue a wander- 
ing course outward into the leaf tissues, while others pass out to the 
fundus of the sinus where they divide and run along one margin of 
the latter. The nervilles are distinct, percurrent, or form yokes or 
chevrons between their principals. Not all specimens of this type 
are large. In the collection from Little Sandy Creek is a small leaf 
about 8 cm. long and 4 cm. wide, showing one deep sinus on each 
size. 

BERRY (2), revising KNOWLTON and HOoLtick, records similar 
forms in his work on the Lower Eocene floras. They appear at a 
number of stations in the Embayment province. 

Leaves of the second type, a fine example of which is given in fig. 
14, vary from an entire or nearly entire form to one with apical 
lobes. They may be described as follows: leaves of great size, at 
least 40 cm. long and 16 cm. wide, elliptical or oblong-oval in outline, 
widest at the middle. The apex is broadly rounded in general out- 
line, or more or less three-lobed. 

Naturally, in such large leaves the skeleton is well developed. The 
midrib is prominent and perfectly straight, becoming thin in the 
apical region. The secondaries are pinnate, seven or eight pairs, the 
lower sub-opposite, the upper widely alternate. The lower pairs arise 
at angles of about 45°, those of the upper half at 35°. They are 
prominent and run a nearly straight course, giving rise to several 
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short tertiaries which pass out to the margin. The nervilles arising 
from the various members just described are distinct in the region 
near their principals but become thinner toward the middle of the 
intercostal areas. A few of them are percurrent but others form 
chevron-like connections with their opposites. The margins wher- 
ever intact are entire. The leaf substance seems to have been coarse 
and heavy and the surface of some of the leaves was apparently 
runcinate. The specimen of this type (fig. 14) is by far the largest 
dicotyledonous leaf observed in the sediments of the Embayment 
province. The tip has been split for a short distance. 

The leaves of type 3 are also large, 20 cm. or more in length and 
10 cm. or more in width. Distally the margins incurve to form a 
narrow and symmetrical acumen. The venation is the same as in 
the leaves of the other large types. A handsome leaf of this type is 
shown in fig. 16. 

The leaves of type 4 may in turn be divided into two subtypes. 
Those of the first, which may be called the dubia subtype (figs. 3, 6, 
8, 15), vary in size and form, the largest being about 15 cm. long 
and 8 cm. wide, the smaller 5 cm. long and 2 cm. wide, typically 
three-lobed at the top. The lateral lobes are variable in length, 
broadly deltoid in form and generally blunt at the apex. The ter- 
minal lobe for about two-thirds of its length is broadly spatulate in 
shape but in the upper third the margins incurve rapidly and are 
carried upward into an elongated and sharply pointed tip. The fun- 
dus of the sinuses is in general smoothly rounded. The margins are 
entire. The bases are narrowly acuminate, the decurrent margins 
passing down along the slender petioles, which in some specimens 
measure 3-4 cm. (fig. 10). The specimens figured should be com- 
pared with that of Hottick (4, pl. 38, fig. 3). 

The venation is clearly marked; the midrib prominent and curv- 
ing either in its upper or its lower course. The secondaries in the 
narrow forms are uniformly of one pattern: a pair of nearly opposite, 
prominent secondaries arise at a distance of 1.5-2 cm. above the 
base. They diverge from the midrib at an angle of about 30° and 
curve gently upward, becoming camptodrome along the margins 
above the middle of the leaf, usually above the level of insertion of 
the next pair. The latter are also subopposite and diverge in some 
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specimens at approximately the same angle as the lower, in others 
at much wider angles. They are straight or slightly curved and pass 
directly out to the tips of the lateral lobes. In the region between 
these two-paired laterals, a single unpaired lateral appears in some 
specimens. Above the upper paired secondaries a pair of short later- 
als appears in a few specimens, in the region of the terminal lobe; in 
most specimens, however, these laterals are unpaired and are irregu- 
larly spaced. : 

Leaves of this subtype recall in their shape and in the behavior 
of the lower Jateral primaries those of Oreodaphne obtusifolia Berry, 
but differ in all other respects. There is also a general resemblance, 
in the larger venation, to Ficus vaughani Berry and Ficus harrisiana 
Hollick and to certain species of Cinnamomum. . 

Leaves of the second subtype are abruptly trilobate at the top 
and are broad in proportion to their length. Some are 9-10 cm. 
long and 7-8 cm. wide across the top from tip to tip of the lobes, 
and are of about the same width at or near the middle. In such 
leaves there may be three or more pairs of secondaries above the 
long, basal pair. The former diverge in some cases at wide angles, 
those of the middle region arising almost at right angles to the mid- 
rib. From the outer side of the upper secondaries a number of ter- 
tiaries arise at wide angles to their principals and pass almost to the 
border, where they form a series of delicate marginal loops. The finer 
venation is as described for other types, some of the nervilles being 
more or Jess straight and percurrent, while others form yokes or 
chevrons ‘in the intercostal areas. Leaves of this subtype are shown 
in figs. 7, 13. 

Leaves of type 5 are small and without lobes, or there may be 
more or less pronounced shoulders at the top or else the halves 
near the top are markedly unequal. The apex is often extended into 
a tail-like acumen. These leaves are usually much smaller than those 
of the other types, although one such specimen is about 12 cm. long 
and 4 cm. wide. They have narrowly cuneate bases, and a pair of 
supra-basilar secondaries as in type 4. Their finer venation does not 
differ in any essential respect from that of the other types. Leaves 
of this type are shown in figs. 8, 11, 12. 





1930] BALL—ARTOCARPUS 323 


Asingle highly aberrant form is shown in fig. 4. This leaf is clearly 
to be allocated to Artocarpus, despite its remarkable form. 

All of these types have cuneate bases, those of the larger leaves be- 
ing proportionately wider; the lower margins in all cases are decur- 
rent along the petiole. In the collection from Little Sandy Creek are 
many fragments of large leaves of which only the basal portions 
remain. In none of the figures of either A. pungens or A. lessigniana 
to which the writer has actess is the basal part of the leaf clearly 
shown. The fragment in fig. 5 is introduced to show the basal region 
and the remarkably stout midrib of a large leaf. 

The petioles of some of the specimens, particularly of the third and 
fourth types, are elongated, in one specimen reaching a length of 
4cm. or more. In this specimen, shown in fig. ro, the margins are 

deeply decurrent along the petiole. 

The petioles in many specimens are dilated at their bases and 
usually both petiole and midrib are longitudinally striated, as are 
frequently the larger secondaries. 

All of the specimens described, except the one shown in fig. 1, 
were recovered from beds which were worked for not more than 15 
feet along the outcrop and for a width and depth of not more than 
3 feet. In this limited area countless numbers of more or less com- 
plete leaves were found, together with great quantities of other 
leaves. The beds represent muds which in early Eocene times were 
deposited in the bottom of a shallow coastal lagoon, the shores of 
which were covered with a rank vegetation. A prominent member 
of this association was Artocarpus. Leaves of this plant, of all the 
types here described, occur intermingled in these beds, often com- 
pacted together. The lobate leaf shown in fig. 9 lay about one inch 
directly beneath one that was almost a duplicate of the nearly entire 
leaf shown in fig. 14. 

The records show in many cases that A. pungens and A. lessig- 
niana occur together in beds of the Embayment province and in 
those of the Rocky Mountain region. It does not seem probable that 
two or more species of Artocarpus lived beside each other in those 
old swamps. They do not so live today. In short, I am convinced 
that all the leaves described in this paper are merely leaf variations 
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of one and the same species. Table I shows the distribution of the 
various “‘species” of Artocarpus. 

Inspection of table I shows that at Coushatta, Louisiana, lessig. 
niana, pungens, and dubia all occur in the same beds; pungens and 
dubia appear in the De Soto beds, while at Naborton, pungens is 
found in beds not far from those containing dubia. 


TABLE I 








WILCOx FORMATION AT 
-— ws “i DENVER 





Nabor- |De Soto,|Shreve- | Grena- | Benton, 
ton, La.| La. |port,La./da,Miss.| Ark. 





A. lessigni- 
re 
A.pungens. 
A.dubia.... 
A.similis. . . 
A.dissecta. 



































Occurrence: Laramie formation, Colo.; Vermejo formation, Colo.; 
Denver formation, Golden, Colo.; Raton formation, Colo.; Wilcox 
formation, Ark., Miss., La.; Indio formation, Barton’s ranch and 
Little Sandy Creek, Bastrop County, Texas. Collected from the 
latter by O. M. BALL. All specimens figured, except no. 1, are in the 
collection of the A. & M. College of Texas. 


A. & M. CoLiecE or TExas 
COLLEGE STATION, TEXAS 


[Accepted for publication July 16, 1929; delayed through revision by author| 
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THE OZARK WHITE CEDAR 
Joun T. BUCHHOLZ 
(WITH TWO FIGURES) 


In the Ozark region in the basin of the White River is a species of 
Juniperus related taxonomically to J. monosperma (Engelm.) Sar- 
gent, but with a number of rather constant differences which have 
justified the conclusion that it represents a distinct species. I am 
naming it Juniperus ashei in recognition of W. W. AsHE of the 
United States Forest Service, who first brought the species to my at- 
tention from material collected at Sylamore, Arkansas, in the spring 
of 1924, at that time pointing out some of the distinguishing differ- 
ences in the female flowers and seeds. Soon after this I found this 
species more than a hundred miles farther west, near Eureka Springs, 
Arkansas, at several points along the White River bluffs, and ob- 
served it frequently in the field until the summer of 1926. 

While the Arkansas white cedar is related to J. monosperma, it is 
widely separated from the known range of the latter and seems to 
differ from it in as many features as J. monosperma differs from 
J. occidentalis or from some of the other one-seeded junipers. The 
Arkansas tree may be distinguished from J. monosperma by having 
tetragonal and more slender branchlets, by the color of the gray 
twigs, by its larger fruits and seeds, by the absence of flattened seeds 
when the seeds are single, by the shallower furrows on the seeds, by 
the absence of ridges and by the more pointed tip of the seed; also 
by the difference at the time of pollination in the female flower from 
the flowers of J. monosperma and by the larger number of sporo- 
phylls (stamens) in the male cones as these are given in current 
descriptions. The female flowers of the Ozark species are not spread- 
ing, as may be seen from fig. 1, while those of J. monosperma are 
usually described as spreading. 

If the mature branchlets of the flower or fruit-bearing twigs are 
compared, those of J. monosperma usually average between 1.2 and 
1.4 mm. in width when the leaves are opposite in pairs, and between 
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1.3 and 1.6 mm. in width when the leaves are in threes; while those 
of the Arkansas tree average 0.7-1.1 mm. in width when the leaves 
are in pairs and 0.9-1.2 mm. when the leaves are in threes. Fig. 2 
shows shadow prints made with parallel light rays and is therefore 
accurate in regard to dimensions. 

The twigs of J. monosperma have a light reddish or copper-colored 
bark, while the bark of the twigs of the Ozark tree is dark gray, be- 





Fic. 1.—Twigs and flowers of Juniperus ashei: A, B, branches with leaves in pairs, 
A bearing two unopened female cone buds and one open cone at time of pollination; 
C, twig with leaves in threes (6-ranked) bearing flowering and unopened female cones; 
D, E, cones of branch B as viewed from above, showing cones with two ovules and single 
ovule; F, average leaf from mature branchlet; G, same from foliage near tip of vigorous 


vegetative shoots and juvenile foliage; H, microsporophyll (stamen) showing four 
sporangia; X12. 


coming ashen gray with age. In the smaller twigs which are still 
clothed with the armor of dead leaves the color of the leaves is 
yellowish in J. monosperma, and dark gray, black, or brown in 


J. ashei, resembling twigs of J. virginiana more nearly than those of 
J. monosperma. 
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The seeds of J. monosperma average 3.5 mm. wide and 4.5 mm. 
long, are 2-3-ridged, slightly obtuse, sometimes flattened, especially 
toward the apex, and distinctly furrowed or grooved, while those of 
the Ozark white cedar average 4 mm. wide and 5.4 mm. long, are 


Fic. 2.—Photographic shadow print showing actual dimensions of Juniperus ashei: 
A, from Eureka Springs, Arkansas and B, from Sylamore, Arkansas, together with fruit 
and seeds; C, similar shadow print of fragment of Engelmann type specimen of J. 
monosperma, from Colorado and D, from collection at Pike’s Peak, National Forest, 
showing smaller sized fruit and seeds and stouter twigs. 


pointed and not flattened, without angles or ridges, without grooves 


or having only very shallow grooves, and with a relatively small 
hilum. 
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Juniperus ashei occurs in association with J. virginiana and might 
upon superficial examination be confused with this species, but 
J. ashei has a different habit of growth, its stem usually forking at 
or near the base, while J. virginiana is invariably single stemmed; 
and in general J. ashei has a one-seeded fruit. When fruits are not 
available as a means of separating these species, as in the case of 
seedlings, small plants, and male trees, it has been found practicable 
in field work to separate them by examining the exposed margin 
of the leaves, using for this purpose a 15x or 20X hand lens 
with the leaves held against the light. The finely serrate or 
serrate-dentate margin of the leaves of J. ashei at once separates it 
from J. virginiana, which has entire leaves. J. ashei may be distin- 
guished from J. virginiana also by its stiffer branchlets and by the 
more pleasant odor of the crushed twigs. 

My former colleagues who have been observing these species have 
noted recently that the staminate cone scales of the white cedar are 
tipped with brown when in their prime while those of the red cedar 
are yellow. In localities where the Gymnosporangium rust galls are 
abundant the white cedar is easily distinguished since it is immune to 
this rust. Many farmers living in localities where J. ashei is some- 
what abundant have long distinguished it from the other species, 
and apply to it the name ‘“‘white cedar” on account of the thicker 
white sapwood and the pale brown color of the heartwood. The 
wood is highly prized for posts and like uses on account of its dura- 
bility in contact with the soil. 

Juniperus ashei sp. nov.—Arbor dioica, submediocris, fruticiforme 
ramosa; foliis oppositis ternisve, minutissime denticulatis serrula- 
tisve, glandulosis vel eglandulosis, appressis, acute ovatis, 1-1.8 
Xo0.5-0.9 mm., in ramulis juvenilibus acuminatis subulatisve, 
2-8 mm. longis, cinereis sed non glaucescentibus; staminibus circ. 12, 
imbricatis, scariosis, obtusis, denticulatis erosisve, basi 3-5-spo- 
rangiiferis; ovulis 1-2, erectis; fructibus luridis, globoso-ovatis, 7.85 
X6-7.5 mm.; seminibus solitariis binisve, late ovatis, 3.5—4.5 X 5—5.8 
mm., acutatis, levissime sulcatis sed non angulatis. 

Leaves in pairs or less frequently in threes, minutely serrate or 
serrate-dentate on the margins and with or without a large oval 
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gland on the back, dark gray-green but not glaucescent; on mature 
fruiting or flowering branches closely appressed, ovate, acute, 1-1.8 
mm. long and about 0.5-o.9 mm. wide; leaves on seedlings or on the 
tips of vigorous branches 2-8 mm. long, spreading and acuminate or 
awl-shaped, tae foliage of young plants yellowish with a light brown 
color on the twigs where exposed. The foliage of young plants and 
terminal twigs is yellowish-green to light brown, the mature branches 
a darker green, and the old leaves form a dark armor clothing the 
smaller twigs, becoming chocolate-brown upon drying, and finally 
black. As the black leaf armor falls off, a gray bark is exposed on the 
twigs which becomes ashen gray with age. Mature flowering or fruit- 
ing branches usually have ultimate segments 0.7—1.1 mm. in width 
when leaves are in pairs and 0.g-1.2 mm. when leaves are in threes. 
The internodal distance of the mature branches usually measures 
0.55-0.85 mm. (average 0.7 mm.). 

Flowers appearing about the middle of March, dioecious, the 
staminate forming terminal cones of about 12 overlapping peltate 
sporophylls (stamens), these scarious, rounded or obtuse, and erose 
or dentate on the tip and margins, bearing 3-5 sporangia at the base; 
pistillate flowers representing terminal cones or borne on short spur 
branches, the flowers no wider than the branches and not spreading 
at the time of pollination, consisting of one (or two) erect, ovate, 
flattened, brown or tan ovules, tipped with a red micropyle, sur- 
rounded by 3 pairs of overlapping cone scales, these surrounded by 
the upper leaves of the branch. Cyne scales enlarging slightly about 
a week or ten days after pollination, remaining inactive for a period, 
then enlarging rapidly as they become fleshy in fruit. Fruit glaucous, 
dark blue, with a thin sweet flesh, globose-ovoid, 7-8.5 mm. long, 
6-7.5 mm. wide, with one or sometimes 2 seeds. Seeds broadly ovate, 
not flattened when single, 3.54.5 mm. wide and 5-5.8 mm. long, 
pointed, without ridges or angles, and with several very shallow 
grooves extending lengthwise. 

A tree of shrubby aspect becoming 12~20 feet high, usually with 
several trunks coming from a short, fluted main trunk or sometimes 
branching at the ground, forming a broad, globular or open, irregular 
crown. Bark thin, ashen gray in long, narrow, persistent, shreddy 
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scales. Wood heavy, with pale brown heartwood and a broad zone 
of nearly white sapwood. 

Distribution.—Basin of the White River from the region southwest of Eureka 
Springs, Arkansas, and along the course of the river through southern Missouri 
and southeastward to the region near Sylamore, Arkansas, occupying a belt 
about 120 miles in length and 40 miles in width within which it occurs only upon 
suitable soils and sites. It occurs in association with J. virginiana but is more 
limited in its distribution, being confined to the zone of the dolomitic and cal- 
careous outcrops and bluffs of the White River basin in the western part of its 
range, and apparently associated with sandstone outcrops and bluffs in the 
eastern part of its range. 


Material examined.—ARKANSAS (Juniperus ashei): Sylamore, 
W.W. Ashe, Jan. 9, 1923, Apr. 25, 1924, and Apr. 28, 1925, Sept. 16, 
1923, and Mar. 6, 1924, male- and female-type specimen, in herb. 
W. W. Ashe (cotype material on deposit at Herb. Mo. Bot. Gard. 
and elsewhere); Mountain Home, idem, April, 1926 and March, 
1929, Herb. W. W. Ashe; Eureka Springs near White River bridge 
and Beaver Post Office, J. T. Buchholz, in 1924, 1925, 1926, Herb. 
University of Arkansas; Beaver, E. J. Palmer 29318, Oct. 23, 1925, 
et idem 31428, Jul. 26, 1926, Herb. Arnold Arboretum; idem 29820 
et 29822, Apr. 29, 1926, Herb. Univ. Arkansas; D. Demare 6356 et 
6357, Mar. 23, 1929, Herb. Univ. Arkansas; Monte Ne, D. M. 
Moore 779, Mar. 29, 1929, et idem 813, “on cliffs of White River,” 
October, 1928, Herb. Univ. Arkansas. 

Missouri (Juniperus ashei): Eagle Rock, B. F. Bush 3153, Aug. 
8, 1905 (probably this species; Herb. Arnold Arboretum); “bald 
knob” along Arkansas-Missouri border, on dolomite slopes, E. J. 
Palmer 31440, Jul. 27, 1927, Herb. Arnold Arboretum, et idem 29844, 
Apr. 30, 1926, Herb. Univ. Arkansas. 

CotoraDo (Juniperus monosperma (Engelm.) Sarg.): “On lime- 
stone hills,” Canyon City, Geo. Engelmann, Sept. 26, 1874, apparent- 
ly the type specimen bearing original label J. occidentalis Hook. and 
annotation “‘Seminibus saepe protrusis,’’ Herb. Mo. Bot. Gard.; 
La Veta, P. A. Rydberg and F. K. Vreeland 6587, Herb. N. Y. Bot. 
Gard.; Pike’s Peak Nat. Forest, Rees Philips 21 (seeds only) and 19, 
twigs, seeds, male cones, 1924, Herb. W. W. Ashe; Trinidad, anon., 
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seeds larger than type materia! but slightly flattened, Herb. U. §, 
Nat. Mus. (sheet no. 760586). 

ARIZONA (Juniperus monosperma): Flagstaff, Fort Valley Exp. 
Station, G. A. Pearson, Febr. 19, 1924, seeds small, angled or 
flattened near tip and grooved, mostly exposed in fruit, Herb. U. §, 
Nat. Mus.; Coconino National Forest, idem 2873, Sept. 6, seeds 
small, flattened, grooved, Herb. U. S. Nat. Mus.; San Francisco 
Mts., Knowlton, twigs stout, seeds small, grooved, flattened toward 
tip, Herb. U. S. Nat. Mus.; Adamona, Griffiths, Aug. 10, seeds large, 
angled and grooved with large hilum, Herb. W. W. Ashe. 


UNIVERSITY OF ILLINOIS 
URBANA, ILL. 


[Accepted for publication November 22, 1929] 
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BRIEFER ARTICLES 


OXYQUINOLINE SULPHATE AS A PRESERVATIVE 
FOR PLANT TISSUES 


Although the botanist who collects material for anatomical or taxo- 
nomic examination has many suitable preserving agents at his command 
so long as he remains close to the laboratory, in the field he has to consider 
seriously the problem of preservatives. Alcohol and formalin have usually 
been employed for such work, but however well adapted these are for the 
actual preserving, they offer serious disadvantages, not only in transport- 
ing the solutions to the point where they are to be used, but also in 
bringing the preserved material back to the laboratory. In addition to 
loss by leakage or evaporation and other difficulties, customs regulations 
are likely to prove troublesome, especially with alcohol. 

The 1928 HUMBERT-SWINGLE Madagascar plant exploration trip* tried 
out water-soluble oxyquinoline sulphate as a partial substitute for the 
more bulky formalin and alcohol, and much more satisfactory results 
were obtained from a single ounce of oxyquinoline sulphate powder than 
from the gallons of alcohol and formalin employed. 

Oxyquinoline sulphate has long been known to the medical profession 
as a practically non-poisonous, non-corrosive disinfectant, with relatively 
low germicidal action but with high antiseptic or preservative properties. 
It was originally introduced under the trade name Chinosol, supposedly 
as the potassium salt of oxyquinoline sulphonic acid; apparently, how- 
ever, the effective antiseptic agent is simply the oxyquinoline sulphate.’ 
The product seems to be better known to the zoélogist than to the botan- 
ist,3 but it has been used in at least one botanical laboratory, the Institut 
fiir Allgemeine Botanik, Hamburg. 

The use of oxyquinoline sulphate in preserving botanical specimens is 
simplicity itself: the material is merely put in the container, covered 
with water, and a little powder added, guessing at the amount. Any 


™Nat. Geog. Mag. August, 1929. 


2Jour. Amer. Med. Assn. 50: 293. 1908; Ann. Rpt. Chem. Lab. Amer. Med. Assn. 
12:87. 1919. 


3Gross, Centralbt. Bakt. I. 111:315. 1929. 
cao 
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amount, from 1 per cent or stronger to o.1 per cent solution or even 
weaker, is satisfactory for stopping bacterial action with ordinary plant 
material. The material has no special penetrative power, hence the larger 
the specimens, the more powder should be used. Solution lost by leakage 
apparently has no disagreeable staining or corrosive action; unless some 
evidence of bacterial activity is shown, it is safe merely to replace small 
amounts of lost solution with water. 

Oxyquinoline sulphate solution has no drying and shrinking effect upon 
plant tissues, nor does it evaporate like alcohol or formalin; material can 
be taken from the solution, handled in the air for hours, and then replaced. 
Sections can be cut and handled from the solution just as from water, or 
the plant material can be run up through the alcohol series. Although no 
oil-immersion studies were made, all material examined (for example, 
latex cells of Euphorbia) seemed to be perfectly killed and fixed, and there 
was no indication of any undesirable precipitates in the tissues. 

Apparently the only serious drawback of this solution as a plant pre- 
servative is the fact that it forms a precipitate with iron, hence the advis- 
ability of using glass or porcelain containers. Possibly also this property 
would make the use of Haidenhain’s haematoxylin inadvisable. 

Perhaps subsequent use in the botanical museum will reveal some 
points whereby oxyquinoline sulphate is inferior to alcohol and formalin 
as a permanent preserving fluid; but the gratifying results which it has 


given so far recommend it as the best preservative for the use of the 
botanist in the field.—Cuar.Les F. SWINGLE, United States Department 
of Agriculture, Washington, D.C. 





CURRENT LITERATURE 


BOOK REVIEWS 


Plant geography of Balkan Peninsula 


A recent volume by TurRRILL' is the first of what will probably become a 
series of major contributions to the Oxford Memoirs on plant geography. This 
book is unique in the order and detail of its presentation, and sets a high 
standard for succeeding volumes on plant geography of special regions. 

The volume should attract considerable attention because of human interest 
in the region and its consideration of the effects of human activity upon the 
vegetation. It has a certain formidableness which will preclude casual reading, 
but the very features that make the book imposing tend toward increased value 
and facility for reference purposes. Particularly to be recommended in this 
respect and as conserving space is the practice of assembling the data in tables 
and by symbols. In chapter XII, for example, the floristic and phytogeographic 
data are summarized for the families of the Balkan Peninsula phanerogams in 
the space of 58 pages by the use of symbols, which information would otherwise 
fill a small book. 

There are adequate chapters on the geography, geology, soils, and climate 
of the region. From the ecological point of view there are chapters on duration 
and life forms, flowering periods, habitat classification, altitudinal zonation, 
plant communities, and plant succession. From the floristic point of view there 
are detailed considerations of dispersal, distributions within the Peninsula, dis- 
tributions outside the Peninsula, and the interesting problems presented by 
endemic and relic species. All this is more or less concluded by application and 
criticism of WILLIS’ age-and-area hypothesis. 

TuRRILL’s floristic treatment of this rich region, with 6530 accepted species, 
brings out the relations of the flora to neighboring regions in Asia Minor, Asia, 
Africa, and Europe. He recognizes two main types of flora and végetation in the 
Balkan Peninsula, the Mediterranean and the Central European. The former 
have'the predominating species xeromorphic in structure or with a life history 
otherwise adapted to surviving the summer drought; the Central European 
species are essentially composed of mesophytic species whose life history has its 
resting phase in winter. Climate is the most important factor in the distribution 
of the different vegetation communities, but it is stated that it is difficult to 
overemphasize the modifying influence of man. 


*TurrRILL, W. B., The plant-life of the Balkan Peninsula: A phytogeographical 
study. 8vo. pp. xxii+490. pls. 10. 11 maps. Oxford: Clarendon Press. 1929. $10. 
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As TANSLEY states in the preface, “‘we have nothing in England to pla 
beside the stately series published in Leipzig under the general title Die Vegela 
tion der Erde, but this first volume of the Oxford Memoirs on plant geograph 
constitutes a beginning that would be extremely difficult to excel.”—S. A. C ry 


Genic analysis : 

Geneticists may well be grateful to Matsuura for his recent monograp 
Laboriously he has collected all the significant information published betwee 
1900 and 1925 inclusive upon the identification of genes in seed plants and th 
establishment of their linkage relationships. Genera are arranged alphabetically 
Under each genus, the genes are grouped on the basis of the part of the plaj 
body affected or the type of character produced. The effects of each gene af 
described clearly and complete references made to the original literature. 

Four indexes are provided: author, subject, species, and family. The bibli 
ography includes 1341 titles, representing the work of over 500 investiga Ors 
Each title is followed by a brief description of the content of the paper. 

This volume will prove a tremendous convenience to teachers of genctiay 0 
those engaged in or directing genetical investigation with plants. It is a s 
faction that the author promises to produce a companion volume bringing gen 
analysis in phanerogams up to date and including data upon cryptogams.— 
M. C. Coutrer. 

Exploring for plants 

In his world-wide search for plants that might prove of economic importat 
to the United States, FAIRCHILD’ visited lands little known to most botanists 
His experiences, charmingly told, contain a store of information concerning uf 
known plants, many facts about the food and clothing used in other lands, 
countless amusing and entertaining incidents of travel. Among the region 
visited were Northern Africa, the Canary and Balearic Islands, Ceylon, 
matra, Java, and long stretches of the west coast of Africa. 

The book is written in an easy, readable style, and the reputation of tht 
author is sufficient guarantee for its scientific accuracy. It contains informatid 
for both the scientist and the layman; it is well illustrated; and it seems sail 
to predict that its success will far surpass the modest ambition expressed by 
the author: “FI shall be content if a perusal of its pages shall convert a sin 
person to the romantic life a deep study of plants can give.’”—G. D. Fu: R 

2 Matsuura, H., A bibliographical monograph on plant genetics (genic analysis 
1900-1925. pp. 499. Tokyo (New York Agent, Henry George Fieller). 1929. 

3 FarrcuiLp, D., Exploring for plants. From notes of the Allison Vincent Armot 
Expeditions for the U.S. Department of Agriculture, 1925, 1926, and 1927. pp. X= 
591. figs. 180. New York: Macmillan Co. 1930. $5. q 
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